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Introduction 

This project addressed two areas that are in the forefront of current research and 
practice in the field of Special Education: maintaining students with handic^ within the 
general education classroom^ and the impact of technology on students with and without the 
h&::Jicaps. While systematic reading instruction is at the core of the elementary school 
curriculum^ as much as 70 % of reading instiuction time in these classrooms does not 
involve the teacher. Instead, the students work independently on noninteractive reading 
-related assignments such as worksheets (National Academy of Educ^on, 1985). Given 
the current trend in public schools to educate students with mild handicaps in the general 
education classroom, and with the majority of elementary school teachers using the basal 
r^er approach (National Academy of Education, 1 985), adapting a basal reader to 
multimeiUa computer assisted instruction for these students appears to be an appropriate use 
of the hypermedia technology. 

State of the art microcomputer sofhvare designed to aid students with handicaps 
(learning disabled^ emotionally disturbed, educable mentally handicapped) in the 
development of successful reading skills in a general elementary school setting was 
developed and tested The software provided hypermedia reading selections designed as 
supplementary material for a basal reader series. The hypermedia reading material offered 
easily accessible, additional information about the text along with decoding and 
comprehension strategies within the context and physical structure of the reading selection 
itself. The software consisted of a series of hypermedia lessons based on selected lesson 
segments from each basal grade level textbook series. Scope and sequence of skills and 
pedagogiod tedmiques in the hypermedia lessons were kept constant with the basal text 
teacldng guidelines. 
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Summary of Project Accomplishments 

Year One 

1 • Cooperating teachers at Hazelwood Elementary School (Renton, WA) were 
selected and trained in the use of the computer hardware and software* 

2. A hypermedia authoring system for construction of the hypermedia computer 

based reading lessons was developed. 

3. Reading passages from the Macmillan basal reader series were selected as the 

basis for the hypermedia CAI lessons. 

4. Thirty hypemiedia lessons per grade level (K-3) were developed using the 

authoring system, resulting in a total of 120 separate hypermedia CAI lessons 
(1-3) and 26 separate lessons for kindergarten. 

5. Students (K-3) were trained in the use of the computer hardware and software. 

6. Criterion referenced pretests that addressed vocabulary development, pronoun 

and anaphora identification, and interpretive and factual comprehension were 
administered and recorded. 

8. A pilot test of the hypermedia CAI reading lessons was conducted in each 

experimental classroom. 

9. Data concerning the referra* rate of students to special education prior to the 

beginning of this project was collected. Post intervention data concerning 
referral rate to special education was collected at the end of the year. 

10. Study One, involving fust year software and comparing the hypermedia 
group's reading gains to that of the non-hypermedia group, began on January 
30, 1989. Data concerning the order ofpresentationofhypermedia material in 
the instiuctional sequence was collected A criterion icferenoMl posttest was 
administered The data weit analyzed 

1 1. Preliminary findings from Study One, as well as information concerning the 
development of the authoring template and hypermedia CAI lesson software, 
was presented at three national conferences: Council for Exceptional Children, 
San Frandsco, April 1989; the Arizona State Microcomputers in Education 
Conference, Tempe, March 1989; and, the National Educational Computing 
Conference, Boston, June, 1989. 

12. Production of the sofhvare for Year Two begau. This sofb^e buih on the 
existing first year software, adding enhancement of syntactic and semantic 
sti^ctures to the same text passages. All first year features were k^pf. intact as 
well as the instiuctional d<^ign and the **feer of the lessons. 
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1 . A oew kindergarten experimental and control classroom were added at the 

beginning of the second year of the project. As the first year kindergarten 
students made the transition to first grade, new pre-school classes provided 
students for kindergarten, as well as contributing to the longitudinal aspect of 
the study. 

2. Longitudinal information was collected through the follow-up of third grade 
students as they made the transition into fourA grade. Criterion referenced tests 
were administered to these students at the beginning and end of the second year 
of the project In this manner the project was able to ascertain the effect of the 
software oa the first-year third graders into the second year of the project 

3. Software design and classroom management strategies were reviewed and 
updated with the teachers. 

4. Productionof software for Year Two was completed This year the enhanced 
semantic and syntactic features were added to the software. These involved 
pronoun and anaphora recognition. 

5. Cooperating teachers at Hazelwood Elementary School (Renton, WA) received 

additional training in the use of the computer hardware and software. 

is. Criterion referenced pretests that addressed vocabulary development, pronoun 
and anaphoi^ identification, and interpretive and factual comprehension were 
administerol and recorded. 

7. Students received additional training in the use of the computer hardware and 

software. 

8. Study Two, involving second year software and comparing the hypermedia 

group^s reading gains to that of the non-hypermedia group, began on 
September 30, 1989. Data concerning the order of presentation of hypermedia 
material in the instructional sequence was collected. A criterion referenced 
postttest was administered. The data were analyzed 

9. Findings from Study One along with preliminaiy findings from Study Two were 

presented at the International Conference of the Council for Learning 
Distibilities, Denver, Colorado, October 1989; the New Mexico Council for 
Exceptional Children Conference, Albuquerque, NM, November, 1989; the 
Leaiming Disabilities Association of America Ccnference, Anaheim, CA, 
Febinuury, 1990; the Arizona State Microcomputers in Education Conference, 
Tempe, March 1990. Findings from both Study One and Study Two were 
presented at ^e National Educational Computing Conference, Nashville, TN, 
June 1990. 

10. Production of software for Year Three begart This software built on the 
Existing software, adding enhancement of deep structures including 
comprehension and self-monitoiing to the same text passages. All first and 
second year features were kept intact as was the instructional design and the 
'•feer of the lessons. 
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Year Three 

L As the second year kindergarten students made the transition to first grade, new 
kindergarten students entered kindergarten and were added to the stuidy 
contributing to the longitudinal aspect of the study. 

2. Longitudinal information was collected throu^ follow-up of flrst-year third 
graders as they made the transition to fifth grade, and second-year third grade 
student3 as they made the transition to foui^ grade. Criterion referenced tests 
administered to these students at the beginning and end of Uie year allowed the 
project to ascertain the effect of the hypemiedia software on the original second 
and third graders over the three years of the project. 

Software design and classroom management strategies were updated. 

Production of software for Year Three was completed. This year the 
comprehension features were added to the software. These involved pre- 
reading strategies, locating the answer to a question in the text, and 
comprehension summary statements. 

Cooperating teachers at Hazelwood Elementary School (Renton^ WA) received 
additional training in the use of the computer hardware and software. 

Criterion referenced pretests that addressed vocabulary development, pronoun 
and anaphora identification, and interpretive and factual comprehension were 
administered and recorded. 

Students received additional traming in the use of the computer hardware and 
software. 

Study Three, involving third year sofhrare and comparing the hypennedia 
group's reading gains to that of the non-hypermedia group, began on October 
30, 1990. Data concemmg the order of presentation of hypermedia material in 
the instructional sequence was collected A criterion referenced posttest was 
administered The data were analyzed 

9. Findings from Study One, Study Two, and Study Three were presented at the 
International Conference of the Council for Learning Disabilities, Austin, TX, 
October 1990; Washington State International Reading Association WORD 
Conference, Bellevue, WA, March, 1991 ; the Council for Exceptional Children 
Conference, Atlanta, OA, April, 199 1 ; and the Center for Special Education 
Tedmology Seminar on Multimedia, Washington, D.C., May 1991. 

10. Articles concerning the project were published in Intervention in School and 
Clinic and Educational Tedmology: Articles have htcxi accepted for 
publication in Journal of Reading, Writing, and Learrting Disabilities and 
Journal of Special Education Technology. A special issue of the Council for 
Exceptional Children Tedmology and Media Newsletter authored by the project 
coordinators will concern the project and will be published in December, 199 1 . 
An invited article concerning the project will be in the Center for Special 
Education Technology Multimedia Seminar Proceedings* Articles are in 
preparation for the Journal of Early Intervention , the Journal of Educational 
Multimedia and Hypermedia , and The Reading Teacher. 
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1 1 . Three monographs coDceming various aspects of the project aod 
hypennedia/multimedia has been published by the project staffaod disseminated 
in the cooperating district and to computer educators across the nation. 

12. A hypermedia development handbook for use by teachek^ in the Renton School 
District was published and disseminated throughout the district. 

13. A video was produced by the project. The video was disseminated in the 
cooperating district and has b^n sent to computer educators throughout the 
countiy. 
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Project Objectives 

Project Goal and Six Related Objectives 

The overriding goal of this project was to provide teachers with an instmctional tool 
helpful in maintaining learners with handicaps (learning disabled, emotionally disturbed, 
educable mentally retarded) in a general elementary classroom reading program. Research 
objectives identified in the initial proposal include: 

1 • To create an authoring system for construction of computer based reading 
lessons in a hypermedia format. 

2. To create a minimum of 30 hypermedia reading lessons per grade level 

that provide supplemental instruction to handicapped students in a regular elementary 
school classroom readmg program (grades K-3). These computer tesed lessons 
address the interactive nature of reading through the development of three separate 
levels of sophistication: 

a* enhanced surface structures 

b. enhanced syntactic and semantic structures 

c. enhanced deep meaning structures including self-m,onitoring of 
comprehension. 

3. To conduct at least two training sessions per year for cooperating teachers and 

students who will be participating In the project. 

4« To administer yearly pre and post measurements concerning academic and 
social progress^ and student referral rate for special education services outside the 
regular classroom. These include: (a) criterion referenced tests addressing 
vocabulary development and factual and interpretive comprehension skills; (b) 
baseline data and post intervention data concerning the referral rate of students for 
special education services. 

5. To field test the hypermedia lessons through three separate studies conducted in 

regular education classrooms in the Renton Sdiool District. 

6. To disseminate the results throughout the duration of the project. 
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The procedural objectives of the study did not diange over the course of the 
three year project. A list of the original procedural objectives follows* 

PROCEDURAL OBJECTIVES OF THE STUDY 

1 • Select and train ccoperating teachers. Four elementary school teachers, one 
from each grade level will be randomly selected for the intervention 
classrooms. These teachers will be instructed in the use of the computer and 
accompanying software along with classroom management strategies for using the 
computer in their classrooms. An additional four teachers at the same grade levels 
will be selected as control classroom teachers. (Year l^Scm^ter 1) 

2. Construct an authoring system for building the hypermedia lessons. A template 

program allowing for easy, consistent input of text and graphics will be built for 
development of the hypermedia lessons , (Year l^Semester 1) 

3. Determine the particular reading passages which will be used to develop the 

hypermedia lessons. Reading selections will be taken from throughout each basal 
grade level text A minimum of 30 reading passages from each gmde level will be 
selected for the computer based lessons. 
(Year l>Semestcr 1) 

4. Produce level-one hypermedia lessons. Software developed for the first year 

will include surface level enhancements to the text. The focus of this level will be to 
include additional information for the student 
(Year 1-Semester n 

5. Pilot test and train students, hypermedia lessons of the same general content 

and stnicture will be administered in the semester before the study begins. At this 
time students will learn how to use the computers and the accompanying software. 
Based on observations and discussions with students and teachers, sofh^e design 
and classroom management strategies will be modified to provide better instmction. ^ 
(Year l>Semester \) 

6. Study One. A criterion referenced reading pretest whidi addresses vocabulary 

development and inteipretive and factual comprehension skills will be administered. 
Baseline data on student participation in reading group activities will be collected. 
Snidy One, involving level-*one software, will compare the hypermedia group's 
reading gains to that of the non-hypermedia group. Data concerning the order of 
presenta^on of hypermedia material in the instmctional sequence will be collected. A 
criterion referenced posttest will be administered. Post intervention data will be 
collected concerning student referral to special education Data wUl be analyzed. (Year 
1-Semesterslife2) 

7. Review and update software design and management strategies. 

Discussion with the cooperating teachers along with a sdiedule of reliid>ility checks 
wiirdetermine if the computer software stmcture or classroom management scheme 
need updating. (Year l>Sem^ters 1 & 2) 
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8. Produce level-two software. The level-two software will build on the existing 

level-one software, adding enhancements of syntactic and semantic structures to the 
same text passages. All level-one features will be kept intact as will the instructional 
design and ''feci of the lessons- (Year 1 -Semester 2-Summer) 

End of Year One 

9. Training seeslons for cooperating teachers and students will be 

continued. The teachers and students will be instructed in further use of the 
computer and accompanying hypermedia CAI software. Qassroom management 
strategies for using the computer in the classroom will be included in the teacher 
training, (Year 2-Semester 1) 

1 0 . Study Twc . A criterion referenced reading pretest which addresses vocabulary 

development and interpretive and factual comprehension skills will be administered. 
Baseline data on student participation in reading group activities will be collected. 
Study Two, involving level-two software, will compare the hypermedia group's 
reading gains to that of the non-hypermedia group. Data concerning the order of 
presentation of hypermedia material In the instiuctional sequence wUl be collected. A 
criterion referenced posttest will be administered. Post intervention data will be 
collected concerning student referral to special education. Data will be analyzed. (Year 
2-Semesters 1 & 2) 

11. Review and update software design and management strategies. 

Discussion with the cooperating teachers along with a schedule of reliability checks 
will determine if the computer software stmcture or classroom management scheme 
need updating. (Year 2-Scmester 2) 

12. Produce level-three software* The level-three software will build on the existing 

level-two software, adding enhancements of deep structures for comprehension 
including self-monitoring strategies, to the same text passages. All level-one and 
level-two features will be kept intact as will the instructional design and ""feeF of the 
lessons. 

(Year 2-Semcstcr 2-Summer) 

End of Year Two 

13. Training sessions for cooperating teachers and students will be 

continued. Training for teachers and students will continue as to the use of the 
computer and accompanying hypemiedia CAI software. Classroom management 
strategifs for using the computer in the classroom will again be included in the teacher 
training. (Year 3-Semester 1) 

14. Conduct Study Three. A criterion referenced reading pretest which addresses 

vocabulary development and interpretive and factual comprehension skills will be 
administered. Baseline data on student participation in reading group activities will be 
collected. Study Three, involving level-three software, will compare the hypermedia 
group's reading gains to that of the non-hypermedia group. Data concerning the 
order of presentation of hypermedia material in the instructional sequence will be 
collected. A criterion referenced posttest will be administered. Post intervention data 
will be collected concerning student referral to special education. Data will be 
analyzed. (Year 3-Semestcrs 1 & 2) 
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IS. Disseminate flndings. The research findings will be disseminated throughout the 
duiati<Mi of the project at the mte of at least two presentations and two publi^ed 
papers per year (Years 1. 2>& 3) . A yeariy monograph will be published 
concerning the research fmdings (Years 1.2. & 31 A manual which outlines the 
instmctional design and production process for the computer software will be 
produced (Year 3) . Workshops for local school district personnel will be provided 
(Years 2 & 3) . Results of the research will be communicated to textbook and 
software publisheis encouraging them to incorporate the hypermedia materials and 
strategies into their product line (Years 1 . 2. & 3) . 

End of Year Three 
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Accomplishments 

The following are descriptions of the accomplishments of the project in regard to 
the six objectives outlined in the original proposal. As noted in the project timeline (see 
Figure 1 ), the project addressed each objective yeariy over the course of ^e three year 
study. 

Six Research ObiectivQS: Accomplishments 

(1) . To create an authoring system for construction of computer 
based reading lessons in a hypermedia format. 

The authoring system that was developed and used to create the CAI software for 
this project is based on a conceptual framework of electronic notecards. Within this 
framework, the computer screen represents a single card in a stack of related cards. These 
cards are linked and accessed by activating cursor sensitive areas called buttons. Cards are 
linked in such a way that users can move easily and quickly from one card to another 
through button selection. 

Any single card has the capacity to hold up to 30,000 text characters, high 
resolution graphics, including animated sequences, and digitized sound. Individual cards 
are linked bto files, or collections of cards, called stacks. G>mputer code for controlling 
the linking relaticmships between the individual cards in the stacks have been written in the 
HyperTalk language. This code is used to control the operation of cards within stacks, and 
to respond to ^e user^s selection of buttons and links. This system has been written for the 
Macintosh computer in the HyperCard programming environment. 

Construction of a hypermedia CAI lesson, using the template provided in the 
authoring system develop^ the ftrst year, requires only the entering of text, graphics, and 
sound resources into the comimter. All button links are pre-prognunmed into the system. 
This system provides non-programmers the ability to create sophisticated hypennedia CAI 
lessons for any text or subject matter desired. I/^ns created with the authoring system 
automatically collect and record the following data: student name; date and time lesson is 
begun and ended; a list, in dironological order, of all enhanced words select^ by the 
student inchiding the amount of time spent viewing the enhancement; the order in which 
pages (screens) are viewed along with the amount of time spent viewing each page; and the 
extent to which the student completes the lesson. These data are recorded in a computer 
format that is readable by data base and spreadsheet programs for ease of permanent 
recording and analysis. 

(2) . To create a minimum of 30 hypermedia reading lessons that 
provide supplemental instruction to handicapped students in a regular 
elementary school classroom reading program. These computer based 
lessons will address the interactive nature of reading through the 
development of materials at three separate levels of sophistication: 

a. text with enhanced surface structures 

b. text with enhanced syntactic and semantic structures 

c. text with enhanced comprehension and self-monitoring 

The software was developed in three levels of increasing sophistication for grade 
level materials K-3 over the three years of the project. The software developed for the 
three years of the project is discussed below. 
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Year One: Enhanced surface stmctures. Software developed for the first year of 
the proj'xt included surface level enhancements to the text Text and graphic windows 
along with digitized speech were used in these hypermedia lessons. The emphasis at this 
level has been to include as much additional information as possible for the student to have 
available for access. 

Thirty hypermedia CAI lessons were developed at each giade level ( 1 -3) and 26 
lessons for kindergarten. These lessons were based on verbatim text selections from the 
basal readers for each grade level. Scope and sequence of skills and pedagogical 
techniques in the lessons were kept constant with the basal text teaching guidelines. 

Many students either do not have the experiential background or do not access the 
information they do possess that is necessary for understanding even the surface meaning 
of words. Incli2sion of related graphics, animated graphic sequences, simple defmitions, 
synonyms, and digitized speech, linked through buttons to the words or pictures on the 
original text page, provides the reader directly with additional experiential information. 
Indirectly, an associaticHi between information from the print itself and information the 
reader brings to the reading act may be formed. 

Year Two: Enhanced semantic and syntactic structures. Software developed for 
the second year of the project included semantic and syntactic enhancements to the text. 
Dynamic, graphical, interactive teaching segments that illustrate the relationship between 
pronouQ/antecedent pairs and other anaphora/referent words were added to the Year One 
software. Since elementary school children are less likely to use pronoun clues for 
understanding text than are aduh readers (Lesgold, 1972) and since noiaking logical 
connections between pronouns and their referent words may be necessary to prevent 
potential ambiguity of meaning Chai (1967), the emphasis at this level was to link semantic 
segments of the text to syntactic clues (e.g., the antecedent usually comes before the 
pronoun in the sentence paragraph). 

Year Three: Enhanced deep structures including self-monitoring for 
comprehension. The final level of sophistication emphasized leading the reader through 
one or more process strategies for improving ccnnprehension. Such techniques include 
paragraph summaries, or re-reading strategies similar to those used in a teacher directed 
reading activity. A teadiihg secpience routinely followed by teachers in a directed reading 
activity as outlined in a basal reader teachei^s guide follows: (a) new vocabulary is 
presented and explained in context either textually or graphically; (b) a reason for reading 
is presented; (c) silent reading takes place; (d) comprehension questions are asked; (e) 
students are asked to locate where the answer in found in the text; and (0 student responses 
are reinforced. The hypermedia lesson presented the same sequence, with appropriate 
interaction and reinforcement Two strategies, questions inserted in text as prompts 
(Wong, 1980) and questions presented as prereading goals (Wong, 1979), have proven 
successftxl with students with mild disabilities. 

The multimedialiypemiedia capabilities of the microcomputer hardware and 
software helped define the instmctional strate^es selected for adaptation to the lessons in 
this project. Thus, strategies that could be faithftxlly ''reproduced'' by the 
multimedia^iypermedia format were chosen (e.g., lead a student through the same 
sequence of prompts as a teacher would), and only those that were successfully 
implemented in a pilot test were included in the software (see Figure 2). 
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(3) . To conduct at least two training sessions per year for 
cooperating teachers and students wko will be participating in the project. 

Teachers participating in the project as experimental classroom teachers received 
ttaining in the use of the Macintosh computer as well as the accompanying software every 
year of the project. The teachers were assigned two computers for their classroom. This 
allowed the teachers the opportunity to use the computer at their leisure and to become 
comfortable with the machhie before the actual study began every year and to work on the 
computers before and after school. 

Formal training of the teachers involved workshops at school and all day 
workshops held at the University of WashingtorL The workshops tnclud^ training in the 
use of various public domain programs for the Macintosh as well as the hypermedia CAI 
reading software that was used in the classroom. 

Each year of the project students were trained in the use of the computer in their 
classrooms. This first session of the year was a ''get acquainted with the computer 
session** in which students learned the basic mechanics of using a Macintosh Plus 
computer. The second yearly session was designed to acquaint the students with the 
hypermedia software. In this session students were instructed on starting up the software, 
proceeding through a lesson, ending a lesson, and leaving the computer ready for the next 
student. 

The training of the students was followed by two pilot tests of the hypennedia CAI 
reading lessons identical, except for textual content, to the intervention lessons. Each pilot 
test was conducted for one week with an observer in the classroom to record anecdotal data 
concerning classroom management of the software lesson and mtegration of the software 
into the classroom reading tune. The purpose of the pilot testing was to identify and correct 
any problems with the software or the classroom management plan for providing the 
students with access to the lessons. No signific^mt problems concerning die 
implementation of the software were noted in any of the classrooms. 

(4) . To administer yearly pre and post measurements concerning 
both academic and social progress: (a) criterion referenced tests addressing 
vocabulary development and factual and interpretive comprehension skills, 
and (b) baseline data and post intervention data concerning the referral rate 
of students for special education services. 

The Macmillan Reading Series Achievement Test (1983) was used as the measure 
of student reading progress over the course of a school year. This is the achievement test 
that is regularly administered in the Renton School District The test is divided into subtest 
areas which include both vocabulary and comprehension skills. 

Data concerning the referral rate of students for special education sendees outside 
the general education classroom was collected. Baseline data is comprised of the referral 
rates prior to the beginning of the project. These data have been compared to referral rates 
collected after the end of the project 

(5) . To field test the hypermedia reading lessons through three year- 
long separate studies conducted in general education classrooms in the 
Renton School District. 

The field testuig hivotved the use of the hypermedia lessons as supplementary 
reading instmctional material in elementary classrooms in the Renton School District. Four 
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classrooms (K-3) were involved each year of the gmnt, with followup data being collected 
in fourdi and fifUi grade classrooms during the second and third years of the project, 
respectively. Followup in the fourth and fifth grade classes allowed the project to ascertain 
the effect of the treatment on the original second and third graders over the three years of 
the project. 

Year One. Teachers (K-3) identified appropriate measures for the integration of the 
sofiware into their individual classrooms and reading progian \ This included the 
development of schedules for student access to the computer lessons, placement of the 
computers in the classroom environment to maximize computer usage and minimize 
classroom distraction, and incorporation of the computer lessons into the daily reading 
rotation. 

The level<one sofb^are was implemented in f^ur classrooms (K-3) for five months 
beginning in January of the first year. Students were assigned the computer based lessons 
on a regular basis much as they were assigned their workbook and skill sheet lessons. 

Year Two. Level-two software was pilot tested during October of the second year 
of the project. The purpose of the pilot testing was to identify and correct any problems 
with the second-level sofiware or the classroom management plan for providing the 
students with access to the lessons. No significant problems concerning the 
implementation of the sofiware were noted in any of the classrooms. Once again teachers 
(K-3) identified appropriate measures for the integration of the sofiware into their 
individual classrooms and reading programs. This included the development of schedules 
for student access to the computer lessons, placement of the computers in the classroom 
environment to maYimiy^ computer usage and minimize classroom distraction, and 
incorporation of the computer lessons into the daily reading rotation. 

The level-two sofiware was implemented in four classrooms (K-3) over a seven 
month period which began in November of the second year (1989-1990). Students were 
assigned the computer based lessons on a regular basis. A minimtmi of 30 hypermedia 
lessons per grade level were produced and were implemented in Year Two. 

Year Three. Level-three software was pilot tested during October of the third year 
of the project No significant probitms concerning the implementation of the sofiware 
were noted in any of the classrooms. Once again teachers (K-3) identified appropriate 
measures for the integration of tL ^tware into their individual classrooms and reading 
programs. This inchided the deveic. .nent of schedules for student access to the computer 
lessons, placement of the ccnnputers in tihe classroom environment to maximize computer 
usage and minimize classroom distraction, and incorporation of the computer lessons into 
the daily reading rotatioiL 

The level-three sofiware was implemented in four classrooms (K-3) over a seven 
month period whidi began in November of the third year (1990-1991). Students were 
assign^ the computer based lessons on a regular basis. A minimtan of 30 hypermedia 
lessons per grade level were produced and were implemented in Year Three. 

(6). To disicminate the results throughout the duntion of the 
project* 

Dissemination of the results occurred throughout the duration of the project 
Dissemination includes: (a) a manual outlining the instructional design and production 
process for the computer software and including computer code and documentation for a 
hypermedia authoring system; (b) workshops for personnel from the Renton School 
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District; (c) a yearly monogmph outlining the three levels of treatment proposed in the 
project; (d) communication with textbook and software publishers concerning results of 
the project in an effort to encourage the adoption of those methods and strategies; (e) 
articles published in juried journals; (f) presentations at local arKi national conferences; and 
(g) a video concerning the project. Project accomplishments in this area include: 

(a) . A manual outlining the instructional design and production process for the 
computer software along with computer code and documentation for a hypermedia 
authoring system is available through the project ofRce and has hecn disseminated 
throughout the cooperating district and to interested computer educators across the nation. 
A copy is included with this report. 

Boone » R. & Higgins, K. (Authors). (1991, May). Hypermedim in the 
Classroom: A Development Handbook for Teachers . (Available 
from [Randall Boone, 2237 Minor Ave. Seattle, WA]) 

This manual provides teachers with step-by-step information to create hypermedia 
instructional materials. A template is provided along with a hypermedia tutorial. The 
appendix includes definitionfi^ of hypermedia terms, publishers of hypermedia materials, 
and books and magazines deaiing with hypermedia. 

(b) . Workshops have been conducted in the Renton School District for the Renton 
School Board members, for the Hazelwood Elementary School PTA Board members, for 
control and experimental teachers participating in the project, and for doctoral students at 
the University of Washington. 

(c) . Three monographs have been produced by the project The monographs have 
been distributed to teadiers and administrators in the cooperating district and to interested 
computer educators and researchers nationally. Copies of the monogn^hs are included in 
this report. 

Higgins, K. & Boone, R. (1991). Hypermedia CAI: Three years of school- 
based research (Hypertext CAI Monograph No. 3). Seattle: 
University of Washington, Experimental Education .Unit. 

Background information concerning the project is presented and discussed along 
with representative examples of the software. The data from the three-year project are 
presented and discussed separately for the three years of the project and loi^tudinally. 

Boone, R. & Higgins, K. (1990). Hypertext and Hypermedia: 

Applications for Educational Use (Hypertext CAI Monograph No. 
2). Seattle: University of Washington, Experimental Education 
Unit. 

This monograph contains three articles: Hypertext: What is it?, Hypertext 
Lessons: A HyperCard Template for Teachers , Hyperctext Computer Study Guides and 
the Social Studies Achievement of Students widr Learning Disabilities, Remedial Students, 
and Regular Education Students. 

Higgins, K. & Boone, R. (1989). Hypertext CAI: Maintaining 

Handicapped Students in a Regular Classroom Reading Program 
(Hypertext CAI Monograph No. 1). Seattle: University of 
Washington, Experimental Education Unit. 
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This monograph contains two articles: Hypertext: A New Vehicle for Computer 
Use in Reading lastrvctioa and Hypermedia CAI: A Supplement to an Elementary School 
Basal Reading Program. 

(d) . The project has been in contact with various publishers and computer 
companies conceming the project. 

•The project has communicated with Macmillan Publishing Company 

conceming the results of the study. The Renton School District Language 
Arts G)ordinator» Vicki Montgomery, plans to continue communicating 
with iht company conceming the use of hypermedia in basal readers. 

•Dr. Gary Moulton of Apple Computei's Office of Education has been sent the 
monographs. 

•Project personal have met with T<Hn Greaves of IBM Multimedia Development 
omceming the use of hypermedia in education. 

(e) . The following articles have been published or are in press conceming the 
project The complete articles are in the appendix of this report 

Boone, R., & Higgins, K. (in press). Hypermedia applications for content 
area study guides. Journal of Reading, Writing, and Learning 
Disabilities. 

Hypermedia, a new mode of computer text and information presentation, provides a 
flexible format for adapting materials currently in use by teachers to the computer medium. 
A hypermedia presentation system provides a reader access to related information by means 
of a simple selection process. The process n)rings up** to the computer screen new 
windows of related text, related pictures, and computer generated voice that provide 
supplementary information, clariflcation, and elaboration needed by the reader, all withm in 
a familiar context and a single medium. The results from two companion studies at the 
high school level and a similar smdy at the elementary level indicate that the use of 
hypermedia to constmct computer study guides holds promise. Hypermedia computer 
stuidy guides were found to be as effective an instmctional technique as a teacher presented 
lecture and were especially successful with remedial students and students with learning 
disabilities in the high school studies. The elementary school study corroborated the 
eflectiveness of hypermedia study materials with poor readers. 

Boone, R., & Higgini, K. (1991). Hypertext /hypermedia information 
presentation: Developing a hypercard presentation template. 
Educationml Tecbnology ,^(2), 21-30. 

Instmctions for creating a simple hypertext /hypermedia document template and 
subsequent hypertext / hypermedia lessons are provided for the reader. This is not a 
HypeiCard tutorial. Those who are somewhat familiar with HypeiCard or who have some 
programming experience and a HypeiCard manual should have little trouble following the 
instmctions provided in this article. 

Boone, R., & Higgins, K. (1990). Hypermedia CAI: The development 
and integrmtion of elementary reading materials. In E. Ellia (Ed.), 
Proceedings ofNECC '90 (pp.5). Eugene: ICCE, Univenity of 
Oregon for National Educational Computing Conference. 

This article reports on the flndings from the flist two years of a three-year 
longitudinal research project involving the development and testing of hypermedia 
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computer assisted instnictioDal (CAI) reading materials in grades K*3. The effect of the 
software on reading adhievement will be reported along with a detailed examination of 
representative less(xis from the project, a description of the development process, and a 
discussion of the implementation and integration process into the classroom. 

Boone, R., & Higgins, K. (1989). Hypertext CAI: A supplement to an 
elementary school basal reading program. In W. C. Ryan (Ed.), 
Proceediags of NECC *89 (pp.141-142). Eugene: ICCE, 
University of Oregon for National Educational Computing 
Conference. 

This article discusses the first year of a three-year federally funded project involving 
the developmeni and testing of hypertext computer assisted instructional (CAI) reading 
materials. These materials were designed to facilitate the successful participation of both 
handicapped leameis (learning disabled, emotionally distutbed, and educable mentally 
retarded) and iK)nhandicapped learners in a regular elementary classroom basal reading 
program (K*3). The hypertext reading lessons provide students with a reading 
environment offering additional information about words and concepts from their basal 
reading textbook. This differs from traditional computer assisted reading software which 
often presents lessons on isolated skills not specifically related to basal textbook content or 
pedagogy. 

Higgint, K.» & Boone» R. (in press). Hypermedia computer assisted 
instruction: Adapting a basal reading series. In J. Wilson (Ed.), 
Proceedings of Center for Special Education Technology: 
Technology Seminar in Multimedia . Reston: Center for Special 
Education Technology, Council for Exceptional Children. 

The theoretical and practical implications of the use of hypermedia to adapt a basal 
reader are discussed. Data from the first two years of the project are provided for the 
reader. 

Higgins, K., & Boone, R. (1990). Hypertext: A new vehicle for computer 
use in reading instruction. Intervention in School and Clinic, 2^( 1), 
26-31. 

Hypertext and bypennedia are relatively new terms for today's teacheis who are 
working hard to keep abreast of the quickly changing field of computer technology in 
education. SiiKe thki capability for microcomputers became available in 1987, interest in 
hypertext has been groi?^dng rapidly throu^out the educational community. Tbis r^ent 
interest has resulted in a rapid increase in the number of magazine and journal articles, 
papers and presentations at educational conferences, and hypeitextliypermedia educational 
software programs available for classroom use. Hypertext as an educational tool is very 
different from traditional computer assisted instmctional software, offering a new fomiat 
for providing instmction and information via a computer. This article provides the reader 
with infomiation concerning hypertext and its uses in the classroom. 

Higgins, K.» & Boone» R. (in press). Hypermedia CAI: A supplement to 
an elementary school basal reader program. Journal of Special 
Education Technology. 

The results from the first year of a longitudinal study involving the development 
and testing of hypermedia computer assisted instructional (CAI) reading materials for 
grades K-3 are discussed. The hypemedia materials were designed to facilitate the 
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successful paiticipation of both handicapped and non-handicapped students as well as 
students at risk for special education referral in a regular elementary classroom basal 
reading program. Ilie hypemiedia reading lessons provided students with a reading 
environment offering additional information about words and concepts from their basal 
reading textbook. This differs from traditional computer assisted reading software which 
often presents lessons on isolated skills not specifically related to basal textbook content or 
pedagogy. 

The results from the first year of the three-year study indicate that hypermedia is a 
promising instructional tool for students who have been classified as poor readers by 
means of an achievement test. Results are inconclusive as to whether the hypermedia CAI 
lessons are best used before or after a teacher directed reading activity. 

(f.) The following articles are in preparation concerning the project. 

Boone, R., Higgins, K.» & Lovitt, T.C. (1991). Hypermedia applications for reading 
instmction: A search for ''cooperative'' text. Manuscript in preparation. 

Higgins, K., Boone, R.,Notari, A., & Stump, C.S. (1991). Hypermedia CAT: The 
effects on kindergarten letter identification. Manuscript in preparation. 

(g). The following presentations have been made concerning the project by 
Dr. Boone and Dr. Higgins. 

Invited Presentations 

Paneh Multimedia Research in Progress . Presentation for Center for Special Education 
Technology: Technology Seminar in Multimedia with Drs. David Rose and Ted 
Hasselbring, Washington, D.C., May 1991. 

Use of computers for individvals with disabilities. Presentation for Computer CurbCuts 
computer users group focusing on access to computers by individuals with 
disabilities at the University of Washmgton, Seattle, Washington, 
November, 1990. 

Promising federally funded computer applicati<ms. Sponsored by the Department of 
Education, Office of Special Education* Presentation for Learning Disabilities 
Association of America with Drs, Bea Berman, Ted Hasselbring, and Bridgett 
Dalton, Los Angeles, California, February, 1990. 

The use of hypertext in the elementary classroom. Presentation for the Puget Sound 
Computer Education Specialists, Renton, Washington, January 1989. 

Regional and National Presentations 

The development aiui classroom implementation of hypemiedia computer assisted reading 
materials. Presentation for the 69th Armual Council for Excq)tional Children 
Conference, Atlanta, Georgia, April, 1991. 

Basal reader instruction through hypermedia computer assisted instruction. Presentation 
for Washington* Organization*Reading*Development Conference, International 
Reading Association, Bellevue, Wasldngton, March 199L 
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Hypermedia CAI itading materials: uesiga and development, integratioa and 

effectiveness. Presentation for the 12th International Conference on Learning 
Disabilities, Austin, Texas, October, 1990. 

Hypeanedia CAI: The development and integration of elementary reading materials. 
Presentation for the Naticmal Educational Computing Conference, Nashville, 
Tennessee, June 1990. 

Hypermedia CAI: The development and integration of elementary reading materials. 
Presentation for Arizona State University's Tenth Annual Microcomputers in 
Education Conference, Tempe, Arizona, March 1990. 

Hypermedia CAI reading materials: Design and development, integration, and 

effectiveness. Presentation for the Nineteenth Northwest Council for Computer 
Education Conference with Marilyn Heyn, Janice Okita, Karen Perlbachs, Eugene, 
Oregon, March, 1990. 

Hypermedia CAI: Tbe develojxnent of elementary reading materials. Presentation for the 
New Mexico Council of Exceptional Children Annual Conference, Albuquerque, 
New Mexico, November, 1989. 

Hypertext CAI: The development of elementary reading materials. Presientation for the 

1 1th International Conference on Learning Disabilities, Denver, Colorado, October, 
1989. 

Hypertext CAI: A supplement to an elementary school basal reading program. 

Presentation for the National Educational Computing Conference, Boston, 
Massachusetts, June 1989. 

Workshop: Hypertext CAI: The development of elemartary reading materials. 
Worksb^ for Arizona State Universit/s Ninth Annual Microcomputers in 
Education Conference, Tempe, Arizona, March 1989. 

(h). A video was produced by project staff and has been disseminated throughout 
the coopera ng school district and to interested computer educators across the nation. A 
copy is included with this report. 

Higgin8» K. & Boone, R., (joint production). (1991). Hypermedia CAI : 
Adapting M basml reader [Film]. Seattle » W A: University of 
Washington. Funded by the U.S. Department of Education » Office 
of Special Education Research; Grant #84.024J; Thomas C. Lovitt, 
Principal Investigator. 

This video provides an introduction to the adaptation of a basal reader to the 
hypermedia format. The viewer is introduced to the concept of hypermedia in general and 
specifically to the project Students and teachers discuss the project and demonstrate the 
software. 
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Results 

Eight classrooms (K-3) involving over 300 students in both experimental and 
control settings participated in this project. New kindergarten students were added each 
year of the project and follow-up was conducted on the third grade students as dxey 
transitioned into fourth and fifth grade (see Tables 1, 6, 7, 13, 14, and 15). 

The natural movement of students from one grade level to the next resulted in 
random assigimient of students to control and experimental classrooms each year (see 
Figure 3). Thus, the project accumulated longituidinal information on five sq;)arate 
subgroups based on dbe sequence and number of years the students participated in either 
experimental or control classrooms: 

• Students who use the multimedia/hypennedia reading materials every year for 
three years. 

• Students who use the multimedia^ypermedia reading materials two years in a 
row. 

• Students who use the muhimedia/hypermedia reading materials two years with a 
one-year hiatus between the two years. 

^ Students who use the muhimedia/hypermedia reading materials for one year. 

• Students who do not use the multimedialiypermedia reading materials any year 

Research Questions 

The six research objectives allowed the project to answer the following research 
questions. 

Question 1. Over the period of one school year, does the use of supplemental 
hypermedia lessons improve a student's reading ability in vocabulary development as 
measured by a criterion-referenced test? 

Question 2. Over the period of one school year, does the use of supplemental 
hypermedia lessons improve a student's reading ability in factual comprebcnsioa as 
measured by a criterion-referenced test? 

Question 3. Over the period of one school year, does tiie use of supplemental 
hypermedia lessons improve a student's reading abUity in interprcdve comprebeasioa as 
measured by a criterion referenced test? 

Question 4. Longitudinally, over a period of three years, does the frequency of 
participatioo as a member of the experimental group affect a student's reading progress? 

Question S. Longitudinally, over a period of three years, docs the order of 
participatioa (e.g., Years 1 & 2, Years 2 & 3, or Years 1 & 3) in the experimental group 
affect a student's reading progress? 

Question 6, Longitudinally, over a period of three years, does the complexity of 
the experimental materials affect a student's readhig progress? 

Question 7. Does the order of presentation of the hypermedia lesson in the 
instructional sequence affect a students progress in vocabulary 
development? 
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Question 8. Does the order of presentation of the hypermedia lesson in the 
instrticticHial sequence affect a student's progress in developing factual comprehension 
skills? 

Question 9. Does the order of presentation of the hypermedia lesson in the 
instructional sequence affect a student's progress in developing interpretive comprehension 
skills? 

Question 10. To what extent does the use of supplemental hypermedia CAI reading 
lessons help maintain handicapped students in the regular education classroom? 

Results 

Year One 

Data from Year One were examined by treatment grouping (experimental and 
ccmtrol), ability grouping (low, medium, and high), and instructional sequence grouping in 
experimental classrooms (intervrention either before or after teacher-directed activity). 
Students were ability grouped based on the results of the Macmillan Achievement Test 
(1983) given as a pretest. Although the groups la>>eled as low were considered most likely 
to include the students who were at risk to be referred for special education services, the 
three special education students who had been in the low groups changed schools before 
the study was completed. 

An analysis of covariance (ANCOVA) was performed on students' posttest scores 
from the Macmillan Achievement Test (1983) to determine statistical significance for 
differences in scores between the experimental and control classrooms at each grade level. 
The pretest score for each subtest and total test served as the covariate for the ^COVA. 
An ANCOVA was also used to ccxnpare the results from the two histructional sequence 
groups within each experimental classroom: (a) students receiving a computer lesson 
immediately before a teacher directed lesson, and (b) students receiving a computer lesson 
immediately afler a teadier directed lesson. Alpha level was set ai .05. 

Experimental And Control When comparing entire classes on total test scores, 
entire class significance was shown with experimental classes outperforming control 
classes at kindeigarten, second grade, and third grade. There was no entire class 
significance at the fust grade level for total test scores (see Tables 2*5). 

When comparing entire classrooms, students in the experimental kindergarten 
significantly ou^rformed &eir control classroom peers in visual discrimination, letter 
identificatioo, oral vocabulary, spatial abilities, and on total test scores. When the 
classrooms were broken down into ability groups, low students in the kindergarten 
experimental class achieved significantly hi^er test scores in auditoiy discrimination for 
initial sounds, oral vccabulary, auditory rhyming, listening comprehension, and total test 
scores. Low students in the control kindergarten adiieved higher test scores in visual 
discrimination of letters and words, letter identification, and spatial abilities. Kindeigarten 
students in the experimental medium ability group achieved significantly hi^er test scores 
in letter identification and auditory discrimination for initial sounds than control 
kindeigaitners. Hi^ ability students in the experimental kindergarten achieved higher 
scores in letter identification, oral vocabulary, and total test, while hi^ ability students in 
the control classroom achieved hi jher scores in visual discrimination and spatial abilities 
(see Table 2). 
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At the fiist grade level entire class significance was found betwem the experimental 
and control classrooms only on the subtest of decoding and phonics with the control class 
outperforming the experimental class. When the classrooms were di\dded into ability 
groups, the low group in the cx)ntrol classroom showed significantly hi^er scores than the 
experimental low group in decoding and phonics. Medium and high students in the 
control classroom also had significantly higher scores than the oqperimental students in 
decoding and phonics, study skills, and total test scores. The medium control group did 
significantly better in vocabulary while 'die hig^ experimental group had higher scores in 
vocabulary than the control group (see Table 3). 

When comparing entire classroom scores at second grade the ejqperiraental class had 
significantly hij^er test scores than the control class in decoding and phonics, 
comprehension, language, and total test scores while the control class had significantly 
hi^er scores in vo^ulary and study skills. Students in the second grade experimental 
class defined as low obtained significantly higher scores in decoding and phonics, 
vo<^ulary, comprehension, language, and total test. Low students in the control 
classroom had higher scores in study skills. Second grade control students in the medium 
group had higher scores than their experimental peers in all subtest categories. 
Experimental students in the high group outperformed the control high group in 
vocabulary, comprehension, and total test scores, while the control group had the higher 
scores in study skills (see Table 4). 

In third grade, as an entire class the experimental classroom had significantly higher 
scores on the total test than did the control class. The entire control class had higher scores 
on tfie vocabulary and study skills subtests. Experimental students in the low group had 
higher test scores in study skills and total test with the control low group receiving higher 
scores in vocabulary. Medium group students in the experimental classroom had hi^er 
tests scores in vocabulary and language while control smdents had higher scores in 
comprehension acd study skills. Students in the control classroom high group had higher 
test scores than their experimental peers in vocabulary, comprehension, language, and 
study skills (see Table 5). 

Before And After Teacher Instruction. At the kindergarten level when the total test 
scores of the entire class were analyzed according to instmctional sequence grouping 
(intervention either before or after teacher-directed activity) students who worked with the 
hypermedia CAI lessons before teacher-directed instruction achieved higher scores than 
students who woriked with the software after teacher instruction. When students were 
broken down into ability groups this also held true for students in the low group while 
students in the medium group who accessed the software after teadier instruction 
perform^ significantfy better. There was no difference in the performance of students in 
the high gnxq> for instmctional sequence (see Table 2). 

In the experimental first grade, those students who worked with the hypermedia 
CAI lessons before woddng with the teacher had significantly higher total test scores as an 
entire class than students who worked with the lessons after reading group. This was also 
true for the students in the low and medium groups. Students in the high group achieved 
higher total test scores when they used the software after teacher-directed reading 
instruction (see Table 3). 

As an entire class, the second grade students who worked with the software before 
teacher instruction had significajiitly hi^er total test scores than those students who worked 
witiii the soft\^ire after teacher instruction. This was true for students in the low group 
also. For students in the medium and high groups there was no difference in the total test 
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scores of students who used the hypermedia CAI lessons before or after teadier-directed 
instruction (see Table 4). 

Third grade students who used the hypermedia lesson before teacher mstniction had 
significandy higher total test scores when analyzed as an entire class. When die class was 
divided into ability groups^ this held true for students in the low group» but there was no 
difTerence in total test scores for the medium and high groups in terms of instructional 
sequence (see Table 5). 

Year Two 

Data from Year Two were examined by treatment grouping (experimental and 
control) » ability grouping (low^ medium » and high)» and instrtictional sequence grouping in 
experimental classrcxxns (intervention either before or after teacher-diiected activity). 
Students were ability grouped based on the results of the Macmillan Achievement Test 
( 1 983) given as a pretest. The groups labeled as low were considered most likely to 
include the students who were at risk to be ^ferred for special education services and in 
kindergarten contained two students identified as at risk for referral, in the second grade 
control classroom contained two students identified as at risk for referral, and in the 
experimental third grade contained two students identiHfed as learning disabled Students 
labeled at risk for special education referral are defined as students who score at the 25 
percentile level or below on the Metropolitan Achievement Test ( 1984). 

An analysis of covariance (ANCOVA) was performed on students^ posttest scores 
from the Macmillan Achievement Test (1983) to determine statistical significance for 
differences in scores between the experimental and control classrooms at each grade level. 
The pretest score for each subtest and total test served as the covariate for the ANCOVA. 
An ANCOVA was also used to ccxnpare the results from the two instructional sequence 
groups within each experimental classroom: (a) students receiving a ccmiputer lesson 
immediately before a teacher directed lesson» and (b) students receiving a computer lesson 
immediately after a teacher dkected lesson. Alpha level was set at .05. 

Experimental And Control. When comparing entire classes on total test scores, no 
entire class significance w&f shown at the first grade» second grade, or third grade levels 
for total test scores (see Tables 9-11). No total test score was figured for the kindergarten 
class for the second year of the study. 

When comparing entire classrooms, students in the experimental kindeigarten 
significandy outperformed their control classroom peers in spatial abilities. Control 
students outperformed experimental students in visual discrimination of letters and words 
and letter identification* When the classrooms were broken down into ability groups, low 
students in the IdiKieigarten e3q>erimental class achieved significantly hi^er test scores in 
spatial ability. Low students in the control kindergarten achieved his^er test scores in 
visual discrimination of letters and words and letter identification, ^dergarten students in 
the experimental m^ium ability group achieved significantly hi^er test scores in letter 
identification than control kindergartners. While control kindergartners in the medium 
group achieved hi^er scores in visual discrimination of letters and words and spatial 
abilities Hig^ ability students in the control kindergarten achieved higher scores in visual 
discrimination, letter identification, and spatial abilities (see Table 8). 

At the first grade level entire class significance was not found between the 
experimental and control classrooms. When the classrooms were divided into ability 
groups, the low group in the experimental classroom showed significantly higher scores 
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than the control low group in decoding and phonics, vocabulary, comprehension, study 
skills, and total test Medium students in the experimental classroom also had significantly 
hi^^er scores than the control students in decoding and phonics, vocabulary, 
comprehension, study skills, and total test scores* The experimental hig^ group did 
significantly better in decoding and phonics, study skills, and total test* The high control 
group had hi^er scores in comprehension while no difference was found between the two 
groups in vooibulary (see Table 9)* 

When comparing entire classroom scores at second grade the experimental class had 
significantly higher test scores than the control class in vocabulary, comprehension, 
language, and study skills while the control class had significantly higher scores in 
decoding and phonics and total test Students in the second grade experimental class 
defined as low obtained significantly higher scores in vocabulary, comprehension, 
language, study skills, and total test Low students in the control classroom had higher 
scores in decoding and phonics* Second grade control students in the medium group had 
higher scores than their experimental peers in decoding and phonics, comprehension, 
language, and total test* Experimental students in the medium group had higher scores in 
vocabulary* There was no difference between the medium groups in study skills* 
Experimental students in the high group outperformed the control hig^ group in vocabulary 
and language, while the control group had the higher scores in study skills and total test* 
No differences were found in decoding and phonics and comprehension between the 
experimented and control high groups (see Table 10)* 

In third grade, as an entire class there were no differences between the experimental 
and control classrooms on vocabulary, comprehension, study skills and total test. The 
entire control class had higher scores on the decoding and phonics and language subtests* 
Control students in ihe low group had higher test scores in decoding and phonics, 
vocabulary, comprehension, study skills and total test with the control low group receiving 
hii^er scores in vocabulary. There was no difference between the low groups on the 
language subtest. Medium group students in the control classroom had higher tests scores 
in decoding and phonics wl^e there were no differences on the other subtests for the two 
groups. Students in the experimental classroom hig^ group had higher test scores than 
their control peers in comprehension while their control peers had higher scores in 
decoding and phonics, vocabulary, language, study skills, and total test (see Table 11)* 

For the second year of the study, test data was collected on the original third 
graders as they transitioned into fourth grade as a follow*up to the instruction the students 
received in third grade. The students were broken down into their original instructional 
groups from third grade of experimental or control. When the students were broken down 
into entire clai^es diere was no difference in the test scores of the two groups for any of the 
subtests or total test score. This held true for the low groups also. For the medium group, 
the experimental students outperformed the control students on study skills, while the 
ccmtrol students hsd higher scores on vocabulary and total test There were no differences 
between the medium students on decoding and phonics, comprehension, and language* 
Students in the e^rimental group had higher scores in language while the control group 
had his^er scores in study skills. No differences were found between the high groups on 
the subtests of decoding and phonics, vocabulary, comprehension, and total test scores 
{see 4ble 12). 

Before And After Teacher Instruction . At the kindergarten level when the total test 
scores of the entire class were analyzed according to instructional sequence grouping 
(intervrention ei^er before or after teacher-directed activity) students who woited with the 
hypermedia CAI lessons before teacher-directed instruction achieved higher scores in visual 
discrimination and spatial abilities tiian students who worked witii the software after teacher 
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iDstiuctioii* There was no difference in test scores for letter identification. When students 
were broken down into ability groups, there was no difference in the perfonnance of 
students in the low or high group for instrixctional sequence. Students in the medium afler- 
instiuction group achieved higher scores than before«instruction students in visual 
discrimination and letter identification (see Table 8). 

In the experimental first grade, those students who worked with the hypermedia 
CAI lessons afler working with the teacher had significantly higher total test scores as an 
entire class than students who worked with the lessons before reading group. This was 
also true for the students in the low and medium groups. Due to student attrition there were 
no students in the e)q>erimental before group by the end of the year so this data was not 
analyzed (see Table 9). 

As an entire class, the second grade students who worked with the software before 
teacher instruction had significantly higher total test scores than those students who worked 
with the sofhvare after teacher instruction. This was true for students in the low group, 
and the medium group. For students in the high group there was no difference in (be total 
test scores of students who used the hypermedia CAI lessons before or after teacher- 
directed instruction (see Table 10). 

Third grade students who used the hypermedia lesson before teacher instruction had 
significantly higher total test scores when analyzed as an entire class. When the class was 
divided into ability groups, this held true for students in the low group, but there was no 
difference in total test scores for the medium and high groups in terms of instructional 
sequence (see Table 11). 

Year Three 

Data fnxn Year Three were examined by treatment grouping (e;q)erimental and 
control), ability grouping (low, medium, and high), and instructiooBd sequence grouping in 
experimental classrooms (intervrention either before or afbr teadier-directed activity). 
Students were ability grouped based on the results of the Nfacmillan Achievement Test 
( 1983) given as a pretest. The groups labeled as low were considered most likely to 
include the students who were at risk to be referred for special olucation services and in the 
experimental kindergarten contained three students labeled as at risk for special education 
referral, one student labeled as health impaired, and one student labeled as physically 
impaired; in the control kindergarten two students were labeled as at risk for special 
education referral ; in the control first grade one student was labeled as at risk for specidl 
education referral; in die experimental second grade one student was labeled as at risk for 
special education referral; in the couirol second grade three students were labeled as at risk 
for special education referral; in the third grade experimental classroom one student was 
labeled as learning disabled, one student was labeled as physically impaired, and three 
students were labeled as at risk for special education referral; in the control third grade four 
students were labeled as at risk for special education referral. Students labeled at risk for 
special education referral are defined as students who score at the 25 percentile level or 
below on the Metropolitan Achievement Test (1984). 

An analysis of covariance (ANCOVA) was performed on students' posttest scores 
from the Macmillan Achievement Test (1983) to determine statistical significance for 
differences in scores between the experimental and control classrooms at each grade level. 
The pretest score for each subtest and total test served as the covariate for die ANCOVA. 
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An ANCOVA was also used to compare the resxilts from the two instructiooal sequence 
groups within each experimental classroom: (a) students receiving a computer lesson 
immediately before a teacher directed lesson, and (b) students receiving a computer lesson 
immediately aAer a teacher directed lesson. Alpha level was set at .05. 

Ex perimental And Control. When comparing entire classes on total test 
scores, no entire class significance was shown at the kindergarten, second grade, or third 
grade levels (see Tables 1 6- 1 9). Significance was found at first grade with die control 
class having higher total test scores than the experimental class. 

When comparing entire classrooms, students in the control kindergarten 
significantly outperformed their experimental class peers in spatial abUities. No difTerences 
were found between the two groups in visual discrimination, letter identification, or total 
test scores. When the classrooms were broken down into ability groups, low students in 
the kindergarten experimental class achieved significantly hi^^er test scores in visual 
discrimination of letters and words and total test scores. Low students in the control 
kindergarten achieved higher test scores in spatial abilities. There was no difference 
between the low groups in letter identification. Kindergarten students in the experimental 
medium abUity group achieved significantly higher test scores in all of the subtests (visual 
discrimination of letters and words, letter identification, spatial abilities) and total test 
scores than did their control class peers. High ability students in ihc experimental 
kindergarten achieved higher scores in letter identification, and total test scores while 
control students had higher scores in visual discrimination of letters and words. For the 
experimental and control high groups, there was no difference in the subtest scores in 
spatial abilities (see Table 16). 

At the first grade level entire class significance was found with the control class 
outperforming the experimental class for totiil test scores. When the classrooms were 
divided into s^ility groups, the low group in the experimental classroom showed 
significantly higher scores than the control low group in decoding and phonics. No 
difTerences were found between the two groups for vocabulary, comprehension, study 
skills, and total test scores. Medium students in the experimental classroom had 
significantly higher scores than the control students in comprehension and study skills, 
while control students had higher scores for vocabulary and total test scores. There was no 
difference in the scores of the medium students in decoding and phonics. For the 
experimental and control hig^ groups no difference was found between the two groups on 
any of the subtests or for the tc^ test score (see Table 1 7). 

When comparing entire classroom scores at second grade the control class had 
significantiy hi^er test scores than the experimental class in decoding and phonics, 
comprehension, language, and study skills. No differences were found for the entire class 
in vocabulary and total test scores. For students in the second grade defined as low there 
were no difTerences found on any of the subtests or total test score between the 
experimental and control group. Second grade control students in the medium group had 
higher scores than their experimental peers in decoding and phonics, vocabulary, language, 
study skills, and total test. Experimental students in the medium group had hx^ct scores 
in comprehension. Control students in the high group outperformed the experimental high 
group on all subtests and total test scores (see Table 18). 

In third grade, as an entire class, there were no differences between the 
experimental and control classrooms on decoding and iconics, comprehension, language, 
study skills and total test. The enthe experimental class had higher scores on vocabulao^ 
than the control class. When students were broken down into Ability groups, there were no 
differences between students defined as low on any of the five subtests or for total test 
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scores. Medium group students in the experimental classroom had higher tests scores on 
all the subtests (decoding and phonics, vocabulary, comprehension, language, and study 
skills) and on total test scores than medium control students. Students in the experimental 
classroom high group had higher test scores than their control peers in decoding and 
phonics, vocabulary, and total test scores, while control students had higher scores in 
comprehension. No differences were found in language and study skills (see Table 19). 

For the third year of the study, test data was collected on the second-year third 
graders as they made the transition into fourth grade as a follow-up to the instmction the 
students received in third grade. The students were broken down into their origuial 
instmctional groups from third grade of experimental or control. When the students were 
broken down into entire classes, control students had higher test scores in decoding and 
phonics, comprehension, language, study skills, and total test. There was no difference 
between the experimental and control groups on the vocabulary subtest When the students 
were divided into ability groups, the low group in the control class had higher scores in 
decoding and phonics, vocabulary, comprehension, language, and study skills. No 
difference was found between (he low experimental and control groups for total test scores. 
For the medium group, the experimental students outperformed ^e control students on 
vocabulary and language, whUe no differences were found on decoding and phonics, 
comprehension, study skills, and total test scores. No differences were found between the 
high groups on any of the subtests or total test scores (see Table 20). 

Test data was collected on the original third graders from Year One as they 
transitioned from fourth grade into fiflh grade as a follow-up to the instruction the students 
received the first year of the project (see Figure 4). The students were broken down into 
their original instructional groups from third grade of experimental or control. When the 
students were broken down into entire classes experimental students outperformed control 
students in decoding and phonics and total test scores, while control students had higher 
scores in comprehension, language, and study skills. When students were divided into 
ability groups, student:^ in the experimental low group had higher scores than the control 
students in comprehension, and study skills. The low control students had higher scores in 
decoding and phonics, vocabulary, and language. No differences were found between the 
low experimental and control groups in total test scores. For the medium group, the 
experimental students outperformed the control students in language, while the control 
students had higher scores on vocabulary and study skills. There were no differences 
between the milium students on decoding and phonics, comprehension, and total test No 
differences were found between the experimental and control high groups on any of the 
subtest or total test scores (see Table 21). 

Befpre And After Teacher Instmction . At the kindergarten level when the total test 
scores of the entire class were analyzed according to instmctional sequence grouping 
(intervention ei^er before or afkr teacher-directed activity) students who worked with the 
hyperme<fia CAI lessons before teacher-directed instmction achieved higher total test scores 
than students who worked with the sofhme afler teacher instmction. When students were 
broken down into ability groups, there was no difference in the performance of students in 
the low group for instmctional sequence. Students in the medium and high before- 
instmction groups achieved higher scores than afler-instruction students for total test scores 
(see Table 16). 

In the experimental first grade, as an entire class there was no difference in the total 
test scores for those students who worked with the hypermedia CAI lessons before or after 
working with the teacher. This was also tme for the students in the medium group. 
Students in the low group who worked with the sofVware afler teacher directed instmction 
had higJtiCT scores than the students in the before group. For students in the hi^ group. 
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those who worked with the software before teacher directed instruction had higher scotes 
than those who worked with the software after teacher directed instruction (see Table 1 7). 

As an entire class, the second grade students who worked with the software before 
teacher instruction had significantly higher total test scores than those students who worked 
with the software after teacher instmction. Medium students in the after group had higher 
scores than students in the before group. For students in the low and high group there was 
no difTerence in the total test scores of students who used the hypermedia CAI lessons 
before or after teacher-directed instruction (see Table 18). 

Third grade students who used the hypermedia lesson after teacher instmction had 
significantly higher total test scores when analyzed as an entire class. When the class was 
divided into ability groups, there was no difference in total test scores for tfie low and 
medium groups in terms of instructional sequence . Students in the high ability group who 
used the software before teacher instruction had higher scores than those students who 
worked with the software after teacher instruction (see Table 19). 

Longifajdinal Data 

Longitudinal data from the three years of the project were examined by treatment 
grouping (ejq>erimental and control) os^er the course of the three years. 
An analysis of covariance (ANCOVA) was performed on students' posttest scores from the 
Macmillan Achievement Test (1983) administered for the third year of the project. The 
dependent variables were the posttest scores of the last year of the study. The students 
were grouped into three tracks for the longitudinal analysis: (a) students who participated 
in kinders^en, first, and second grades; (b) students who participated in first, second, and 
third grades; (c) students who participated in second and third grades with follow*up in 
fourth grade; and (d) students who participated in third grade with follow-up in fourth and 
fifth grades. The students were divided into four student groups: (a) students who were 
always control, (b) students who were experimental once, (c) students who were 
experimoital twice, and (d) students who were always ei^rimental. Alpha level was set at 
.05 for the ANCOVA. 

Since all of the longitudinal groups except for the third-fourth- fifth grade group had 
more than two ejqperimental groups, a post hoc test was needed to ascertain where the 
significant differences between the means occurred. The Least Significant Difference Test 
was used with alpha set at .05. This allows for the differences between pairs of means, 
adjusted for the covariate, to be tested for significance. 

The ANCOVA for the K-1-2 group of students revealed significance for all subtests 
and the total test score (see Table 22). The Least Significant Difference Test showed 
exactly where the significant differences were between the means on the subtests and total 
test scores for the four student groups (see Table 23). When looking at the total test scores 
of students who participated in the study in kindergarten, first, and second grades, students 
who were in the control group for three years had hi^er test scores than the students who 
participated in the experimental group for only one year, students who were in the 
experimental group for two years had higher test scores than students who were in the 
control group for three years, students who were in the e)q)erimental group for three years 
had higher scores than students who were in the control group for three years, and students 
who were in the experimental group for three years had his^er scores than the students 
who were in the experimental group for one year. 
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The ANCOVA for the 1-2-3 group of students revealed significance for all subtests 
and the total test score (see Table 22). The Least Significant Difference Test showed 
exactly where the significant differences were between the means on the subtests and total 
test scores for the four student groups (see Table 24). When looking at the total test scores 
of students who participated in the study in first, second, and third grades, students who 
were in the experimental group for three years had higher test scores than the students who 
participated in the control group for three years. There were no other significant 
differences between any of the other pairing of the means. 

The ANCOVA for the 2-3-4 group of students revealed significance for all subtests 
and the total test score (see Table 22). The Least Significant Difference Test showed 
exactly where the significant differences were between the means on the subtests and total 
test scores for the four student groups (see Table 25). When looking at the total test scores 
of students v/ho participated in the study in second, and third grades with follow-up in 
fourth grade, students who were in the experimental in second grade then control group in 
third grade had higher test scores than the students who participated in the control group for 
two years. There were no other significant differences between any of the other pairing of 
the means. 

The ANCOVA for the 3-4-5 group of students revealed significance for four of the 
five subtests (decoding and phonics, comprehension, language, and study skills) and the 
total test score with the students who participated in the control classroom at third grade 
performing significantly higher than students who were in the e>q)^^rimental classroom in 
third grade. Students who participated as experimental students in the third grade had 
significantly higher tests scores on the vocabulary subtest than did their control peers (see 
Table 22). 

Referral to Special Education 

The following referral and placement data was provided by Dr. Keith Renfrew, 
Director of Special Ediication in Renton School District 

Baseline Referral Data School Year 1987-1988 
Hazelwood Elementary School Referrals: 5 

Hazelwood Elementary School Placements: 4 Specific Learning Disabilities 

In Washington, student with specific learning disabilities are defmed as students 
whose intellectual functioning is above that specified as mentally retarded aiKl who exhibit a 
severe discrepancy between intellectual ability and academic adiievement in one or more of 
the following areas: oral expression, listening comprehension, written expression, basic 
reading skill, reading comprehension, mathematics calculations, and mathematics 
reasoning. A severe discrepancy is defined as a functioning level of two-thirds or below 
expected performance and a functioning level below chronological age/grade in one or more 
of the seven areas described in the definition of a student with learning disabilities. 

Year One of Proiect 1988-19 89 End of Year Referral Data 
Renton School District Referrals: 155 

RentoQ School District Placements: 62 Specific Learning Disabilities 

6 Seriously Behaviorally Disordered 
8 Health Impaired 
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Hazelwood Elementary Sdiool Referrals: 1 0 

Hazelwood Elementary School Placements: 2 Specific Learning Disabilities 

1 Seriously Behavioially Disordered 
1 Health Impaired 

In Washington, students with serious behavior disorders are defined as students 
who exhibit one or more of the following characteristics over a long period of time and to a 
marked degree, which adversely affects their own educational performance: (a) an inability 
to leam which cannot be ejqplained by intellectual, sensory, or health factors, (b) an 
inability to build or maintain satisfactory interpersonal relationships with peers and 
teachers, (c) inappropriate types of behavior or feelings under normal ciromistances, (d) a 
general pervasive mood of unhappiness or depression, and (e) a tendency to develop 
physical symptoms or fears associated with personal or school problems. 

In Washington, students with health impairments are defmed as students who have 
chronic or acute health problems such as students with serious congenital heart defects, 
other congenital syndrome(s), other disorders of the cardiorespiratory systems, disorders 
of the central nervous system including epilepsy or neurological impairment, autism or 
other profound health ciromistance or degenerative condition(s) that adversely affect or 
with a his^ degree of professional certainly will affect their educational performance. 



Year Two of Project 1989^1990 End of Year Referral Data 



Renton School EKstrict Referrals: 
Renton School District Placements: 



202 

87 Specific Learning Disabilities 

1 5 Seriously Bdiaviorally Disordered 

7 Health Impaired 
1 1 Developmentally Handicapped 

5 Coomiunication Disordered 

2 Hard of Hearing 

1 Visually Handicapped 



Hazelwood Elementary Sdiool Referrals: 
Hazelwood Elementary Sdhiool Placements: 



13 

9 Specific Learning Disabilities 
1 Health Impaired 



Year Three of Project 1990-1991 End of Year Referral Data 



Renton School District ReferraL: 1 30 

Rentoo SdK>ol District Placements: 51 Specific Learning Disabilities 



3 Seriously Behaviorally Disordered 
10 Health Impaired 
9 Developmentally Handicapped 

2 C(Mimiunicatioa Disordered 

3 Mentally Retarded 



Hazelwood Elementary School Referrals: 1 5 

Hazelwood Elementary School Placements: 6 Specific Learning Disabilities 

2 Health Impaired 
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Discussion 

Year One 

The results from the first year of this three-year longitudinal study indicate that 
hypermedia CAI reading lessons when used as a supplement to basal reader instruction 
hold possibilities for educational use, especially with lower-achieving students in 
elementary school cIassro<Mns. The most signiflcant reading gains achieved by the 
experimental students were in kindergarten, second, and third grades. This is reflected by 
the significantly higher total test scores at these grade levels when the students were 
grouped as an entire class. 

One of the most interesting findings from the study came from the first grade 
classrooms. When grouped as entire classes, there was no significant difference in total 
test scores between experimental and control While students in the control first grade class 
defmed as medium and hi^ had significantly higher subtest aiKl total test scores than the 
mediimi and Id^x students in the experimental classroom, the only significant difference 
found between students defined as low was in the subtest of decoding and phonics. 
Explaining the lack of significant differences between the low groups in the experimental 
and control classes is difilcult in light of the significantly greater success of the control 
class students in the medium and Ugh ability groups. 

Observation in the two first grade classrooms indicated that the reading instrtiction 
program in place in the control classroom was more regular and consistent with a 
OHiventional basal approach in tactics and techniques than in the experimental classroom. 
Similar disparities were not found at die other grade levels. While instmctional 
effectiveness based on teacher difference might account for sudi significant differences as 
was found between the control and experimental medium and hi^ groups, the lack of any 
significant difference between the control and experimental low groups remains a cpiestion. 

The pattern of scores from kindergarten, second, and third grades, suggests that 
students in the experimental low groups were significantly benefitted by the intervention. 
Extrapolating this benefit for low group students to the first grade data, an argument may 
be made that the intervention provided the low students in the experimental first grade class 
with a level of instruction that kept them on a more even par with the low students in the 
control class. Tbds would e}q)lain the lack of difference in the two low groups' scores 
despite more effective teaching in the control classroom. 

While there is no conclusive evidence from the first yearns data to suggest a favored 
instructional sequence for the hypermedia lessons, total test scores for low groups and the 
entire class at every grade level were significantly hi^er with the hypermedia lesson 
OMning before die teadier directed reading activity. Although there was no consistent 
favor^ instiucdonal sequeiKe for the medium and high groups, anecdotal informadon 
from the teadiers in the experimental classrooms indicates that die hypermedia CAI 
lessons, when used before the teacher directed reading activity, provided some students 
with die confidence and additional skills to actively participate in reading group. 

YearTv^o 

The results from die second year of diis diree-year study indicate HaX hypennedia 
CAI reading lessons when used as a supplement to basal reader instruction continue to hold 
possibilities for educational use, especially widi lower-achieving students in elementary 
school classrooms. The most significant reading gains achieved by the low experimental 
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students were in first and second grades. This is reflected by the significantly higher 
subtest and total test scores at these grade levels. The e)q)erimental first grade students 
defined as medium and hi^ also had significantly higher tests scores than their control 
peers. The results indicate that for the second year of the study the findings in the 
kindergarten and third grade are mixed with neither eiq>erimental or control groups 
achieving consistently higher. 

Once again there Is no conclusive evidence from the second yearns data to suggest a 
favored instructional sequence for the hypermedia lessons. Total test scores for all groups 
and the entire class at the first grade level were significantly hij^er witib the hyperm^a 
lesson coming after the teacher directed reading activity, while at the second gmde level 
hi£^er scores were achieved by the entire class and the low and medium groups who used 
the software before teacheir«diiTected instmction. In kindergarten and third ffcsde the results 
were mixed. In kindergarten the entire class before students had higher score in visual 
discrimination for letters and words and in spatial abilities, while the medium students in 
the after group had higher scores in visual discrimination and letter identification. No other 
significant differences were found at the kindergarten level. When looking at die total test 
scores for the entire experimental class in the third grade, students in the before group had 
significantly higher scores than students in the after teacher-directed instmction group. 
This was also true for students in the low group. There were no significant differences for 
the medium and high groups in terms of ir^structional sequence. 

Year Three 

The results from the third year of this study are interesting in lig^t of the previous 
two years. With many of the students participating in the study for two or three years as 
either experimental or control, the data are fairly stable for first, second, and third grades. 
At first iprade there is a strong pattern of no significance when the data are viewed for the 
low group and high groups. Yet the entire control class outperforms tl^ experimental class 
for total test. This pattern of no significance is also tme at second grade for the entire class 
and the low group, while the medium and high control groups outperformed the 
experimental medium and high groups. This pattern of no significance is repeated in third 
grade for the entire class and low groups while the experimental medium and high groups 
outperformed their control peers. The pattern of no significance is not exhibited by the new 
kindergarten students. The experimental students in £e low, medium, and hi^ graups 
outperformed their control counterparts on total tests scores and on many of the »ibtests. 

Results from the third year of die study support the data from the previous two 
years as to no conclusive evidence from the data to suggest a favored instmctional sequence 
for the hypermedia lessons. Total test scores for the entire class of kindergartners indicate 
that students in the before group outperformed the after group. The is was true for 
kindergarten student in the hi^ and medium ability groups, but diere was no preferred 
instructional se<pience for students in the low group. The total test scores of the entire first 
grade experimental class indicated no preferred instructional sequence. The is also true for 
the medium ability group. Low students in the first grade who accessed the software afier 
teacher*directed instruction outperformed students who used the software before teacher- 
directed histruction, while students in the high group who accessed the software htfott 
teacher*directed instmction outperformed students who used the software after teacher- 
directed Uistruction. In die experimental second grade the total test scores for the entire 
class indicated that students in the t>efore instmction group had higher test scores than the 
after students. Second graders in the low and high ability groups had no preferred 
instructional sequence, while second gniders in the medium group who used the software 
afier teacher directed instmction achieved higher scores than students in the afier group. 
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Total test scores for the entire class of third graders indicate that students in the after group 
outperformed the before group, while student in the high ability before group had hi^er 
scores than students in the hi£^ abili^ after group. The were no signiflcant differences 
between the before and after groups in the third grade low and medium groups. 

Longitudinal Data 

The most interesting fmdings of the longitudinal "lata are for students in the K- 1-2 
and 1-2-3 grade level groups. These are the students who participated in the project for all 
three years. Thus» there are students in these two groups whose whole experience in 
learning to read has included a hypermedia component. When viewing this data, we see 
that the students in these two groups who participated as experimental students for three 
years significantly outperformed their peers who participated in control classrooms for 
three years. Also, in die K-1-2 group students in the experimental classroom for two years 
have higher test scores than three-year control students. Students in die control class for 
three years and students in the experimental class for three years both outperformed the 
students who participated in the experimental class for only one year. This may suggest 
that the continuity of being in an experimental or control class is better than alternating 
between different instructional programs. 

For students in the 2-3«4 group, the significance of being in the experimental 
classroom declines sharply once the students move into fourth grade. In fact, there is no 
significant difference between any of the groups except for the e^qpenmental/control group 
over the control for two years group on total test scores once the students are in fourti^ 
grade with no hypermedia intervention. This is also seen in the follow-up data of the first- 
year experimental third graders who in fifth grade aie outperformed on every subtest except 
vocabulary by their control third grade counterparts. This is interesting in lig^t of the fact 
that the only hypermedia intervention this experimental group received was tibe vocabulary 
intervention in the first year of the project 
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Figure 2. 



'What tra you going to do wtth H7* 

■•kad hia mothtf. 

*Somathing.* and Joihua. 

Tha naxt day Joahua'a mothor aaw 

that ha had (teul tha doct box with 

* 0^ iSCf ^* 
had tha cioaad box with Mm all tha 
ttma. 



*What aro yo^ 
aak«d hia moi 

*Somath;ng.* 



Tha naxt day Joahua'a mothar taw 
that ha had ei—4 tha dact box with 
a lot o< taoo . Shaala^sawthatha 
had tha c(oao4 box with Mm all tha 
tima. 





*What ara you going to do with H?* 
aakad hia iwothar 
'Swfflothing.* aaidCoahuaJ 
Tha naxt day Joahua'i^othaf aaw 
that ha had doaod tha d^box with 
a lot o< tapo . Sha alao afel hat ha 
had tha cioaad box wttr<^iMil tha 
Ufflo. 



'What ara you going to do with it?^ 
aakad hia mothor. 
*Somathing.* a«id Joahua. 
Tha noid d«y Joahua'a mothor aaw 
that ha had filfiflt4 tha dock box with 
a lot of tafw. Sha alao aaw that ha 
had tha cioaad box with hi« ail tha 
tima. 



What did Joohua do with tha t«p«7 



ANAPHORA 



t 



*iVMl .>ra g'^ln^; to ^o*v.ir. if 
3fkad hit mo'hfvf 
*'?';."»:at'"iinc.* Jc-^'io 
Tha naxt d«y Joahua'a mothor aaw 
that ha had daaad iha dock box wtth 
a lot of fpo . Sha alao aaw thai ha 
had tha cioaad box with Mm ail tha 
tima. 



What S4 Mmm do with tha tapo? 



*Wh«t ara ya 
aakadhlaNK 
*So«otfUAg. 
Tho naxt dt) 
that ha had | 
• Iota* 
had tha d 
tima. 




VOCABULARY 

TTvee categories of hypermecf a enhancements are 
shown in tMs flowchart: (a) VOCABULARY, text and 
graphic windows appear over the main text screen; (b) 
ANAPHORA, a ^Xiphic connects the pronoun to its 
antecedent; and (c) COMPREHENSION, students search 
for the line where the answer to a question is found. The 
software limits the text to be searched each time an 
irKxyrect choice is made. 




COMPREHENSION 



41 



BEST COPY AVAILABLE 



I 
I 
I 
I 
I 
I 
I 
i 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



ERIC 



Figures. 



Experimental 
two yeans Ina 
row (25%) 



Hypermedia CAI-Final Report 



YEAR 
ONE 


YEAR 
TWO 


YEAR 
TMREE 








X 


X 


0 


V;':-/. ■ ' .'. : ' -A ■.^- 
. T. • • ■ ■ - ' ' ' ^" 






JO 


0 


X 


X 






< ■• % < •• 


mi 




f;'\/" 



ii(:i2:5%)fi:;:;:;;;;: 





A taith table indicating a single students chances of being 
in the ©qperimental classroom each year of the project. 
X indicates experimental. O indicates control group. 
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Table 1 : Description of Subjects by Experimental 
and Control Classroom-Year One 



K K ist ist 2nd 2iid 3nl 3rd 

Experimental CoBtrol Experimental Control Eroerimcntal Control Experimental Control 



Numbers: 



male 


12 


16 


12 


13 


9 


9 


9 


9 


female 


7 


8 


13 


10 


12 


11 


9 


10 


Sp.Ed. 


0 


0 


0 


1* 


1* 


0 


0 


0 


total 


19 


24 


25 


24 


23 


20 


18 


19 



mean 6.7 6.5 7.5 7.5 8.3 8.5 9.6 9.6 



Race: 
Anglo 
Hispanic 
Black 
Asian 

SES: 

IQ: 



16 
1 
0 
2 

UN 

UN 



20 
I 
0 
3 

UN 
UN 



22 
0 
0 
3 

UN 
UN 



20 
0 
0 
4 

UN 
UN 



18 
1 
1 
3 

UN 
UN 



18 
0 
0 
2 

UN 
UN 



18 
0 
0 
0 

UN 
UN 



16 
0 
1 
2 

UN 
UN 



MAT 

reacfingroeen: UN 



UN 



UN 



UN 



71 
(8-99) 



78 
(28-99) 



72 
(34-97) 



74 
(13-97) 



Fte-MacMillan 
total test score 
nwani 



83 
(51-99) 



82 
(62-98) 



49 
(0-96) 



48 
(2^-73) 



78 

(23-98) 



76 
(44-99) 



85 

(71-96) 



83 
(35-%) 



POst-MadMillan 
total test score 

mean: 94 90 87 97 94 91 93 93 

(82-100) (77-99) (58-100) (83-100) (83-100) (72-100) (83-99) (72-99) 



Ple-iceding 
rate mean: 
conects 

erroo 



Post-reading 
rate mean: 
corrects 

erron 



21 
(12-38) 
2 
(06) 



26 
(17-38) 
1 

(0-5) 



20 
(6-32) 

2 
(06) 



26 
(9-38) 

2 
(1-7) 



94 
(24-171) 
4 

(1-10) 



111 

(62-188) 
2 
(04) 



60 
(12-138) 
2 
(08) 



91 
(53-175) 
2 
(05) 



104 
(50162) 
2 
(06) 



116 

(56-167) 
1 

(04) 



106 
(49-163) 
2 
(09) 



118 

(75-153) 
1 

(03) 



119 
(80158) 
4 

(014) 



128 

(93-220) 
2 
(06) 



'eric 



128 
(66-183) 
2 
(04) 



132 
(70181) 
1 

(03) 



Note. MacMOlan and MAT test scoics are indicated as percentages. 
R»^ng rate indicates words perminute. 
Ranges are indicated in ( ). 

*Students with learning disabilities who moved before study was completed 
UN indicates unavailable infonnation. m t - 
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Table 2: Summary of ANODVA Results for Kindergarten Including 
Posttest Mean Scores and p Values-Year One 

Subtests from MacMillan Achievement Test 



EXPERIMENTAL 

comroL 


Visual 

DIscrlrnlnation 


LBttar ID 


Auditory - 

inty 

Sounds 


Oral 

Vocabulajy 


Auditory- 
Rhyming 
Words 


Abilities 


Listening 
Comprehension 


Total 
Test 


Entire Class 


















EXPERIMENTAL 


96.05* 


99.47* 


89.95 


98.95" 


86.84 


98.68" 


94.84 


95.05* 


CONTROL 


94.43 


98.91 


83.04 


97.61 


79.13 


98.52 


84.39 


91.00 


p VALUE 


0.0000 


0.0000 


NS 


0.0000 


NS 


0.0000 


NS 


0.0000 


LowGixxjps 


















EXPERIMENTAL 


94.60 


98.00 


75.80" 


98.60" 


88.00" 


95.00 


92.80" 


9 1.80 


OUNTHUL 


95.75 


lUU.UU 


7t; OK 




7R 9*i 


t9 1 .WW 


75 25 


88.38 


p VALUE 


0.0000 


0.0000 


0.0578 


0.0028 


0.0123 


0.0000 


0.0359 


0.0033 


M6QiUni V3rvX4>9 














96 43 


95.14 


EXPERIMENTAL 


96.14 




sir .wU 


OA iA 


77 ^A 


100 00 


COJSTTRCX 


89.57 


97.14 


87.71 


99.00 


71.43 


97.57 


85.71 


90.00 


pVAUUE 


NS 


0.0407 


0.0118 


NS 


NS 


NS 


NS 


NS 


Hiah GroLDS 














94.71 






97 00 


100 00* 


93.00 


100.00" 


95.71 


100.00 


97.26" 


CONTROL 


97;38* 


99.38 


86.75 


96.50 


88.75 


100.00" 


92.38 


94.50 


p VALUE 


0.0000 


0.0000 


NS 


0.0085 


NS 


0.0000 


NS 


0.0355 


BEFORE 


















AFTER 


















Entire Class 














' 95.89 




BEFORE 


95.56 


100.00" 


93.78 


100.00" 


80.00 


100.00' 


95.11 


AFTER 


96.50* 


99.00 


86.50 


98.00 


93.00 


97.50 


93.90 


95.00 


p VALUE 


0.0018 


O.OOCQ 


NS 


0.0007 


NS 


0.0231 


A AJC70 


U.UUUo 


Low Gixxjps 














100.00 




BEFORE 


90.00 


100.00" 


93.00 


100.00" 


85.00 


100.00 


95.50" 


AFTER 


97.67" 


96.67 


64.33 


97.67 


90.00 


91.67 


88.00 


89.33 


p VALUE 


0.0111 


0.0035 


NS 


0.0308 


NS 


NS 


NS 


0.0104 


Medum Grojps 














91.67 


90.67 


BEFORE 


93.33 


100.00 


95.33 


100.00" 


53.33 


100.00 


AFTER 


96.25 


95.00 


98.25" 


96.75 


95.00 


95.75 


96.50" 


99.00" 


p VALUE 


0.0798 


NS 


0.0002 


0.0461 


NS 


NS 


0.01 18 


0.0020 


High Grotps 














97.00 


98.25 


BEFORE 


100.00 


100.00 


93.00 


100.00 


97.50 


100.00 


AFTER 


93.00 


100.00 


93.00 


100.00 


93.33 


100.00 


91.67 


96.00 


p VALUE 


NS 


NS 


NS 


NS 


0.0874 


NS 


0.0679 


NS 



Nota Scores are indicated as percentages. 
NS indk^atas no signtflcance. 
"i<.05 
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Table 3: Summary of ANCOVA Ftesults for Rrst Grade Including 
Posttest Mean Scores and p Values-Year One 

Sub-tests from MacMillan Achievement Test 

EXPERIMENTTAL Decoding Total 
CONTROL and Phonics Vocabulafy Comprehension Study SkUls Test 



Entire Class 



EXPERIMENTAL 


91.64 


79.20 


81.36 


83.00 


86.84 


CONTROL 




97.55 


96.77 


98.14 


98.82 


pVALJE 


0.0043 


NS 


NS 


NS 


NS 


LowGroMps 












EXPERIMENTAL 


87.63 


65.88 


74.88 


69.75 


97.63 


CONTWDL 


97.67* 


94.50 


97.67 


95.83 


96.67 


p VALUE 


0.0006 


NS 


NS 


NS 


NS 


Medium Groups 












EXPERIMENTAL 


89.11 


73.33 


79.33 


82.33 


84.11 


CONTROL 


98.22* 


98.44* 


96.00 


99.11 * 


98.11* 


p VALUE 


0.0009 


0.0412 


0.0966 


0.0146 


0.0010 


High Grotps 










97.13 


EXPERIMENTAL 


98.50 


99.13* 


90.13 


97.00 


CONTROL 


9a57* 


99.00 


97.00 


98.86* 


98.43* 


p VALUE 


0.0000 


0.0000 


NS 


0.0002 


0.0072 



BEFORE 
AFTER 

Entire Class 



BEFORE 


90.71 


81.43* 


88.71 * 


86.93* 


88.36* 


AFTER 


92.82* 


76.36 


72.00 


78.00 


84.91 


p VALUE 


0.0000 


0.0258 


0.0001 


0.0011 


0.0001 


Low Grotps 










84.00* 


BEFORE 


89.60* 


69.40 


82.80* 


81.60* 


AFTER 


84.33 


60.00 


61.67 


50.00 


72.33 


pVAUJE 


0.0012 


NS 


0.0042 


0.0036 


0.0042 


MedtjmGroMps 












BEFORE 


88.00 


82.17* 


92.83* 


8a83* 


88.00* 


AFTER 


91.33* 


55.67 


52.33 


69.33 


76.33 


p VALUE 


0.0002 


0.0052 


0.0000 


0.0003 


0.0013 


High GroMps 












BEFORE 


98.00 


100.00* 


90.33* 


92.00 


96.33 


AFTER 


98.80* 


98.60 


90.00 


100.00 


97.60* 


p VALUE 


0.0000 


0.0000 


0.0255 


NS 


0.0000 



Note . Scores are indicated as percentages. 
NS IrxlcatBS no significance. 
*^<.05 
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Table 4: Summary of ANCOVA Results for Second Grade Including 
Posttest Mean Scores and p Values—Year One 

Sub-tests from MacMillar Achievement Test 



EXPERIMEf^AL 


Docoding 








Study Skills 


Total 


CONTROL 


and Phonics 


Vocabulaiy 


Cotnprehension 


Language 


Test 


Entire Class 














EXPERIMEhiTAL 


93.83* 


93.30 


93.48* 


9a70* 


93.48 


93.91 * 


COiTROL 


90.55 


93.60* 


89.25 


96.50 


96.00* 


92.20 


p VALUE 


0.0000 


0.0000 


0.0000 


0.0000 


0.0005 


0.0000 


Low Groups 












92.75 • 


CVDCDIfcitTMTAt 






94.00* 


97.50 * 


92.50 


cormoL 


80.83 


87.83 


79.33 


93.33 


96.67* 


84.67 


p VALUE 


0.0000 


0.0002 


0.0004 


0.0052 


0.0006 


0.0000 
















EXPER1ME^4TAL 


91.63 


93.25 


88.00 


100.00 


90.00 


91.25 


CONTROL 


93.00* 


94.33* 


92.00* 


100.00* 


90.00* 


93.67* 


pVALUE 


0.0067 


0.0128 


0.0537 


0.0000 


0.0134 


0.0080 


High Groups 












98.29* 


EXPERIMENTAL 


97.71 


98.00* 


99.14* 


98.57 


98.57 


CONTROL 


96.00 


97.38 


94.63 


96.25 


100.00* 


96.75 


P VALUE 


NS 


0.0002 


U.UJOO 


No 


ft ftftftft 




BEFORE 














AFTER 














Entire Class 














BEFORE 


94.09* 


93.91 * 


95.36 


99.09* 


95.45 


94.73 


AFTER 


93.58 


92.75 


91.75 


98.33 


91.67 


93.17 


pVALJUE 


0.0080 


0.0390 


NS 


0.0000 


NS 


0.0034 


LowGrocps 












96.67* 


BEFORE 


96.67* 


93.33* 


100.00* 


100.00* 


93.33 


AFTIR 


90.20 


86.80 


90.40 


96.00 


92.00 


90.40 


p VALUE 


0.0021 


0.0000 


0.0000 


0.0001 


NS 


0.0000 


Medium Groups 














BEFORE 


90.25 


90.00 


88.75 


. 100.00 


95.00* 


90.75 


AFTIR 


93.00 


96.50 


87.25 


100.00 


85.00 


91.75 


pVAUUE 


NS 


NS 


NS 


NS 


0.0536 


NS 


High Groqps 












97.25 


BEFORE 


96.00 


98.25 


98.50 


97.50 


97.50 


AFTER 


100.00 


97.67 


100.00* 


100.00* 


100.00 


99.67 


p VALUE 


NS 


NS 


0.0199 


0.0003 


0.0610 


NS 



Note . Scores are Indicated as percertages. 
NS hxkatas no significance. 
*j<.05 
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Table 5: Summary of ANCOVA Results for Third Grade Including 
Posttest Mean Scores and p Values-Year One 

Sub-tests from MacMillan Achievement Test 



EXPERIMEr^AL 
CONTROL 


Decoding 
and Phonics 


Vocabulaiy 


Comprehension 


Language 


Study SMiis 


Total 
Test 


Entire Class 










95.94 




EXPERIMENTAL 


92.28 


92.94 


93.28 


95.89 


93.39* 








OA OR 




96.95* 


93.11 


pVAUJE 


NS 


0.0081 


NS 


0.0726 


0.0030 


0.0419 


Low Groups 














EXPERIMENTAL 


89.00 


AA AA 

88.33 


87.83 


5*1 .Of 


89.50* 


CONTTOL 


84.29 


91.43* 


86.71 


86.71 


91.71 


87.14 


pVALUE 


NS 


0.0016 


NS 


0.0719 


0.0376 


0.0156 


Medum Groups 












94.00 




on R7 


9500* 


94.67 


97.33* 


98.67 


oo^f^ROL 


92.71 


94.29 


98.14* 


96.57 


100.00* 


95.57 


pVAUJE 




0.0215 


0.0007 


0.00O4 


0.0000 


NS 


niQn cirotps 










93.17 


96.67 


EXPERIMENTAL 


97.17 


95.50 


97.33 


98.67 


OONTROL 


96.60 


98.00* 


99.40* 


100.00* 


100.00* 


98.00 


pVALUE 


NS 


0.0030 


0.0000 


0.0004 


0.0106 


0.0909 


BEFORE 














AFTER 














Entire Class 










95.10 




BEFORE 


93.00* 


93.80* 


95.80* 


97.60* 


94.40* 


AFTER 


91.38 


91.88 


90.13 


93.75 


97.00* 


AA 4 A 

92.13 


pVAUJE 


0.0049 


0.0005 


0.0001 


0.0036 


0.0000 


0.0001 


Lc3w Grotps 










97.33 




BEFORE 


92.33 


88.33 


93.33 


97.33 


92.67* 


AFTER 


85.67 


88.33 


82.33 


86.00 


94.67 


86.33 


pVALUE 


NS 


NS 


NS 


NS 


NS 


0.0283 


Mecfiun Gro^>s 










97.33 


92.67 


BEFORE 


86.33 


96.67 


97.00 


94.67 


AFTER 


95.00 


93.33 


92.33 


100.00 


100.00 


95.33 


pVALUE 


NS 


NS 


NS 


NS 


NS 


NS 


High GroMps 










91.75 


97.00 


BEFORE 


9a50* 


95.75 


96.75 


100.00* 


AFTER 


94.50 


95.00 


98.50* 


96.00 


96.00* 


96.00 


pVALUE 


0.0290 


NS 


0.0161 


0.0086 


0.0253 


NS 



Note . Scores are indicatad as percentages. 
NS indcatas no significance. 
*i<.05 
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Table 6: Description of Subjects by Experimental 
and Control Oassroom-Year Two 



iit 



Tad 



2iid 



3nl 



3rd 



Experimental 


Control ExDerimental 


Control Exoerimental 


Control Exoerimental 


Control 




















male 


8 


28 


14 


13 


10 


19 


9 




female 


7 


\\ 

jij 


11 


9 


10 


17 


13 


14 


Sp.Ed. 


2* 


0 


0 


0 


0 


2* 


2* 


0 


total 


17 


41 


25 


22 


20 


38 


24 


26 


Age: 


















mean 


5.5 


5.7 


7.6 


7.5 


8.6 


8.1 


9.6 


9.6 


Race: 


















Anglo 


15 


33 


22 


17 


19 


32 


20 


21 


Hispanic 


0 


2 


3 


1 


0 


0 


3 


1 


Black 


I 


3 


0 


0 


0 


I 


0 


0 


Asian 


1 




0 


4 


1 


5 


I 


4 


SES: 


UN 


UN 


UN 


UN 


UN 


UN 


UN 


UN 


IQ: 


UN 


UN 


UN 


UN 


UN 


UN 


UN 


UN 


MAT 


















leacfingmefln: 


UN 


UN 


UN 


UN 


65 


64 


62 


70 










(15-96) 


(11-99) 


(1099) 


(31-97) 


Pte-MacMIHan 


















total test 9cofe 


















meoni 


88 


89 


51 


49 


69 


70 


73 


84 




(71-100) 


(60-100) 


(12-91) 


(13-93) 


(29-93) 


(28-98) 


(34-99) 


(6098) 


Pbst-MK^fillan 


















total test acore 


















TSttBtiX 


95 


96 


97 


88 


92 


92 


84 


94 




(85-100) 


(91-100) 


(8&-100) 


(62-99) 


(86-99) 


(58-98) 


(59-100) 


(84-98) 


Pte-noding 


















latemefixir 


















comets 


15 


17 


56 


58 


67 


90 


110 


102 




(0-30) 


(041) 


(24-120) 


(22-120) 


(46-103) 


(36-150) 


(65-200) 


(49-132) 


eironi 


11 


7 


1 


2 


3 


2 


2 


2 




(0-27) 


(0-21) 


(04) 


(0«) 


(1-8) 


m) 


(05) 


(05) 


Post-mcfing 


















rate mean: 


















corrects 


35 


33 


80 


94 


124 


123 


128 


129 




(20-50) 


(1648) 


(32-155) 


(35-121) 


(86-204) 


(68-199) 


(87-227) 


(80178) 


eiTOcs 


2 


2 


1 


1 


1 


1 


2 


2 




(08) 


(08) 


(04) 


(03) 


(02) 


(05) 


(05) 


(06) 



ERIC 



Note, MacMillan and MAT test scoces are iiKficateda^ 
Rfiacfing rate indicates words per minute. 
Ranges aie indicated in ()• 

^Students with learning disabilities and sOidents at risk for referral to Special Education * 
UN indicates unavailable infoimation. 
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Table 7: Description of Fourth Grade Follow-up Subjects by 

Original Experimental and Control Classnoom-YearTwo 



4th 

Experimental 



4th 
Control 



Numbers: 
male 
female 
Sp. Ed. 
total 



5 
7 
0 

12 



5 
6 
0 

11 



Age: 
mean 



10.6 



10.6 



Race: 
Anglo 
I&{»nic 
Black 

SES: 
MAT 

reading mean: 



12 
0 
0 
0 

UN 
UN 



74 
(54-94) 



11 
0 
0 
1 

UN 
UN 



67 
(3-91) 



Pie-MacMillan 
total test score 
mean: 



80 
(66-89) 



76 
(52-92) 



Post-MacMillan 
t(^ test score 
mean: 



88 
(83-98) 



86 
(52-96) 



Note. MacMHlan and MAT test scores are indicated as percentages. 
Ranges are indicated in (). 
UN indicates unavailable infomiation. 
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Table 8: Summary of ANCOVA Results for Kindergarten Including 
Posttest Mean Scores and p Values-Year Two 

Sub-tests from MacMIUan Achievement Test 



EXPERIMENTAL 


Visual 




Spalial 


CONTROL 


Discdmbiation 


Latter ID 


AbUities 


Entire Class 








EXPERIMEhfTAL 


90.53 


97.65 


9aoo" 




93.99 






p VALUE 


0.0000 


0.0000 


0.0001 


Low Groups 






1 00.00 


EXPERIMENTTAL 


85.00 


92.50 


OONTRX 


91.36" 


95.45* 


89.73 


p VALUE 


0.0041 


0.0000 


NS 


Mediunn Groups 






97.57 


CArcniMcfVrAL 






CX)WTTOL 


93.86 • 


98.21 


98.89 * 


p VALUE 


00000 


0.0000 


0.0000 


riign 01014/9 






97.17 


EXPERIMENTAL 


94.33 


99.17 


CONTFKX 


94.86' 


99.38" 


9a94" 


p VALUE 


0.0000 


0.0000 


0.0000 


BEFORE 








AFTER 








Entire Class 








BEFORE 


94.11" 


96.11 


100.00" 


AFTER 


86.50 


99.38 


95.75 


pVAUUE 


0.0010 


0.0987 


0.0001 


Low Groups 






100.00 


BEFORE 


87.00 


87.50 


AFTER 


83.00 


97.50 


100.00 


pVAUUE 


NS 


NS 


NS 


Medun Groips 








BEFORE 


95.00 


98.75 


100.00 


AFTER 


84.33" 


100.00" 


94.33 


p VALUE 


0.0067 


0.0019 


0.0099 


High Grotps 






100.00 


BEFORE 


97.67 


98.33 


AFTER 


91.00 


100.00 


94.33 


p VALUE 


0.0639 


NS 


NS 



htote . Sconisareirxlicatedaspercerttagas. 
NS hcicalas no signilfciMi^ 
•^<.05 
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Table 9: Summary of ANCOVA Results for First Grade Including 
Posttest Mean Scores and p Values-Year Two 

Sub-tests from MacMillan AcNevement Test 



EXPERIMENTTAL 


Decoding 








Total 


CONTFOL 


and Phonics 


Vocabulauy 


Comprohension 


Study SkUls 


Test 


Entire Class 












EXPERIMENTTAL 


97.62* 


93.90 


96.95 


96.05 


96.81 


CONTROL 


89.64 


86.91 


88.32 


80.68 


87.77 


pVALJUE 


0.0250 


NS 


NS 


0.0719 


0.0754 


Low Groups 












EXPERIMENTAL 


98.00* 


84.57* 


92.86* 


92.86* 


94.43* 


CONTOOL 


87.00 


82.29 


83.14 


72.00 


83.57 


p VALUE 


0.0000 


0.0002 


0.0000 


0.0046 


0.0000 


Medium Groups 












EXPERIMENTAL 


97.23* 


9a46* 


99.46* 


97.46* 


97.92* 


CONTROL 


91.33 


86.67 


97.67 


94.33 


91.67 


pVALDE 


0.0000 


0.0000 


0.0000 


0.0000 


0.0000 


High Groups 












EXPERIMENTAL 


100.00* 


100.00 


93.00 


100.00* 


99.00* 


CONTTXX 


96.00 


100.00 


97.20* 


96.80 


97.20 


pVALUE 


0.0122 


NS 


0.0002 


0.0207 


0.0010 



BEFORE 
fiFJER 

Entire Class 



BEFORE 


97.33 


93.83 


95.83 


95.83 


96.42 


AFTER 


98.00* 


94.00* 


98.44* 


96.33* 


97.33* 


p VALUE 


0.0000 


0.0001 


0.0000 


0.0000 


0.0000 


LowGroMps 












BEFORE 


97.33 


82.00 


88.00 


94.33* 


93.00 


AFTER 


9a50* 


86.50 


saso 


91.75 


95.50* 


p VALUE 


0.0000 


NS 


0.0981 


0.0426 


0.0054 


Mediun Grotps 












BEFORE 


97.00 


97.50 


99.13 


95.88 


97.38 


AFTER 


97.80* 


100.00* 


100.00* 


100.00* 


98.00* 


p VALUE 


0.0002 


0.0000 


0.0000 


0.0003 


0.0000 



High Grocps 



;^P7^ [Xm to student sttrttkxi there were r» 
p VALUE "before" group by the end of the year. 

Note - Scores are indtceted as peroentaoes> 
•^<.05 
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Table 1 0: Summary of ANCOVA Results for Second Grade Including 
Posttest Mean Scores and p Values-Year Two 

Sub-tests from MacMillan Achievement Test 



EXPERIMENTTAL 


Decoding 








Study Skilts 


TcjteJ 


CCWROL 


andPtxxiics 


Vocabulary 


Comprohsnsion 


Language 


Test 


Entire Class 














EXPERIMENTAL 


89.11 


95.68* 


92.53* 


95.79* 


97.37* 


92.21 


CONTROL 


91 76* 


91.91 


90 70 


95. 1 5 


94.85 


92.39* 


p VALUE 


0.0000 


0.0000 


0.0000 


0.0000 


0.0000 


0.0000 


LowGnxps 










98.00* 


86.60" 


CVDCDiiiCKJTAl 






91 20 * 


9400* 


OONTflOL 


84.17* 


83.33 


85.08 


91.67 


93.33 


86.17 


pVAUJE 


0.0000 


0.0001 


0.0001 


0.0002 


0.0000 


0.0012 
















EXPERIMENTAL 


88.71 


97.00* 


91.29 


95.71 


98.57 


92.43 


CONTOOL 


94.25* 


93.38 


97.75 * 


97.50* 


91.25 


94.63* 


p VALUE 


0.0038 


0.0160 


0.0000 


0.0057 


NS 


0.0001 


High Groips 














EXPERIMENTAL 


97.14 


99.00* 


94.71 


97.14* 


95.71 


96.00 


CONTROL 


97.23 


98.92 


91.54 


96.92 


9a46* 


96.77* 




0.0000 


0.0000 


U.0o99 


U.vMJU 


\J.\AAKf 




BEFORE 














AFTER 














Entire Class 












92.83* 


BEFORE 


88.67 


95.50 


9a25* 


98.33* 


97.50* 


AFTER 


89.86* 


96.00* 


91.29 


Si.4j 


97.14 


9l.l4 


p VALUE 


0.0000 


0.0000 


0.0000 


0.0000 


0.0000 


0.0000 


Low Grotps 










100.00* 


87.67* 


BEFORE 


78.67* 


86.67 


93.67* 


100.00* 


AFTER 


78.00 


93.00* 


87.50 


85.00 


95.00 


85.00 


p VALUE 


0.0051 


0.0199 


0.0186 


0.0106 


0.0080 


0.0002 


Medim Grotps 














BEFORE 


88.40 


97.20* 


91.40* 


9aoo* 


100.00* 


92.80* 


AFTER 


89.50 


96.50 


91.00 


90.00 


95.00 


91.50 


p VALUE 


NS 


0.0001 


0.0006 


0.0055 


0.0001 


0.0119 


High Grotps 










92.50 


96.75 


BEFORE 


96.50 


100.00* 


95.25 


97.50 


AFTER 


98.00 


97.67 


94.00 


96.67* 


100.00* 


95.00 


p VALUE 


0.0001 


0.0002 


NS 


0.0265 


0.0136 


0.0113 



Note . Scores are Indicated as percentagasL 
NS indk:ataB no signMovica. 
*j<.06 
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Table 1 1 : Summary of ANCOVA Results for Third Grade Including 
Posttest Mean Scores and p Values-Year Two 

Sub-tests from MacMillan Achievement Test 



EXPERlMEhTTAL 


Decoding 








Study Skills 


Total 


CONTROL 


and Phonics 


Vocabulaiy 


Compreher^n 


Language 


Test 


Entire Class 














EXPERIME^frAL 


84.50 


89.17 


82.88 


75.33 


82.71 


83.71 


UUNlHUL 


91.74 


OA Oft 


94.39 


92.4o 


Q7 1*^ 




p VALUE 


NS 


NS 


NS 


0.0355 


NS 


NS 


Lov^Grojps 












77 on 


EXPERIMENTAL 


78.10 


89.50 


74.60 


00.20 


7(5 7f\ 
f O.f U 


CCXfmOL 


80.50" 


91.25* 


90.75* 


81.25 


98.00* 


86.75* 


p VALUE 


0.0003 


0.0000 


0.0001 


0.0002 


0.0496 


0.0007 


Mocuiin (groups 














CArenJMcNTAL 


Or. 1 1 


OQ.Qr 




73 2>9 


81 56 


84 33 


OONTOOL 


92.00* 


93.57 


93.29 


95.43 


96.43 


93.43 


p VALUE 


0.0007 


0.0663 


0.0625 


NS 


NS 


NS 














94.20 


EXPERIMENTTAL 


92.60 


93.00 


96.60* 


93.40 


95.80 


COKTOOL 


95.33* 


95.83* 


96.25 


9450* 


97.25* 


95.83* 


pVALLiE 


0.0000 


0.0019 


0.0371 


0.0068 


0.0039 


0.0011 


BEFORE 














AFTER 














Entire Class 














BEFORE 


84.31 


89.23* 


87.38* 


76.23 


86.62 


85.15* 


AFTER 


84.73* 


89.09 


77.55 


74.27 


78.09 


82.00 


p VALUE 


0.0295 


0.0020 


0.0005 


0.0822 


0.0842 


0.0029 


Low GroMps 














BEFORE 


84.17* 


9Z50* 


81.50* 


69.33* 


84.83 


83.33* 


AFTER 


69.00 


85.00 


64.25 


66.50 


64.50 


69.75 


p VALUE 


0.0028 


0.0004 


0.0002 


0.0182 


0.0679 


0.0007 


Medium Groups 














BEFORE 


83.40 


85.00 


89.40* 


80.00 


85.00 


84.80 


AFTER 


91.75* 


88.75 


78.25 


64.75 


77.25 


83.75 


pVAULIE 


0.0255 


NS 


0.0241 


NS 


NS 


NS 


High Groups 












91.50 


BEFORE 


87.00 


90.00 


100.00 


87.50 


96.00 


AFTER 


9633 


95.00 


94.33 


97.33 


97.33* 


96.00 


p VALUE 


0.0609 


NS 


NS 


NS 


0.0503 


NS 



N9fr Scores are Indicatad as percentages. 
*£<.05 "° 



55 



I 

I 



Hypermedia CAl-Final Report 



I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



TaiDle 1 2: Summary of ANCOVA Results for Fourth Grade Follow4Jp 
Including Posttest Mean Scores and p Values-Year Two 

Sub-tests from MacMilian Achievement Test 





Decoding 
and Phonics 


Vocabulary 


Comprehension 


Language 


Study Skills 


Total 
Test 


Entire Class 












87.92 




84 67 


8458 


90 92 


84 so 


91.75 


CONTROL 


83.09 


86.36 


87.45 


83.82 


88.91 


86.18 


p VALUE 


NS 


NS 


NS 


NS 


NS 


NS 


Low Groups 












83.50 


EXPERIMENTAL 


79.00 


80.00 


87.50 


81.50 


89.25 


CONTOOL 


75.25 


78.75 


78.00 


76.75 


82.00 


77.75 


p VALUE 


hS 


NS 


NS 


NS 


NS 


NS 


Medium Groups 














EXPERIMENTAL 


87.33 


81.67 


95.67 


77.00 


93.00* 


89.00 


CONTOOL 


87.50 


87.50* 


91.25 


86.25 


91.00 


89.25* 


pVAULIE 


NS 


0.0165 


NS 


NS 


0.0497 


0.0640 


High Groqps 










93.00 


90.80 


EXPERIMENTAL 


87.60 


90.00 


90.80 


91.40* 


CONTROL 


87.67 


95.00 


95.00 


90.00 


95.00* 


93.33 


p VALUE 


NS 


NS 


NS 


0.0042 


0.0214 


NS 



h£ irdfcatM no signMcanot, 

•b<.05 
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Table 1 3: Description of Subjects by Experimental and 
Control Classroom — ^Year Three 



K K Itt Itt 2ad 2nd 3rd 3rd 
EgperimcnUl Control Experimental Control EroerimenUl Con trol Exoerimental Control 



Numbers: 



male 


14 


13 


15 


14 


13 


15 


10 


12 


female 


9 


11 


8 


6 


12 


1 A 
10 


13 


U 


Sp. Ed. 


5* 


2* 


0 


1 ft 


1* 


3* 


4» 


4» 


total 


23 


24 


23 


20 


25 


25 


23 


23 


Age: 


















mean 


6.4 


6.S 


7.5 


7.5 


8.6 


8.5 


9.6 


9.1 


Race: 


















Anglo 


20 


24 


20 


19 


24 


19 


19 


19 


Hispanic 


0 




0 


u 


u 


z 


A 
U 


A 
U 


Black 


1 


0 


I 


0 


^ 0 


2 


1 


0 


Asian 


2 


0 


2 


I 


1 


2 


4 


4 


SES: 


UN 


UN 


UN 


UN 


UN 


UN 


UN 


UN 


IQ: 


UN 


UN 


UN 


UN 


UN 


UN 


UN 


UN 


MAT 


















reacfing roeoni 


UN 


UN 


UN 


UN 


UN 


UN 


UN 


UN 


Pre^MacMillaa 


















total test 9cx3re 


















mean: 


83 


81 


32 


29 


76 


63 


79 


80 




(2&.100) 


(I&.98) 


(1-53) 




(48-94) 


(23-93) 


(37-98) 


(37-9{ 


Post-MacMillm 


















total test score 


















meani 


96 


93 


83 


88 


90 


92 


92 


90 




(69-100) 


(33-100) 


(57-100) 


(57-100) 


(53-100) 


(73-99) 


(52-98) 


(62-10 



Note> MacMiHanaDd MAT test scoits ait indicated^ 
Ranges aie indicated in (). 

^Students v^th leaming disabilities, healdi impainncnts, physical impainnents, and students at risk for itfenal 

to Special EducadoQ. 

UN indicates unavailable infcnmation* 
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Table 1 4: Description of Fourth Grade Follow-up Subjects by 

Original Experimental and Control Classroom-Year Three 



4th 

Experimental 



Numbeis: 
male 
female 
Sp. Ed. 
total 

AgK 

mean 

Race: 
Anglo 
Hi;^>arac 
Black 
Asian 

SES: 

JQ: 

MAT 

reading mean: 

Pio-MatMHlan 
total test score 
mean: 



4 

U 
0 

15 



10.6 



14 
0 
0 
1 

UN 
UN 



63 
(14-99) 



71 
(57-97) 



Post-MacMillan 
total test score 
mean: 



85 
(70-100) 



4th 
Control 



11 
8 

0 
19 



10.6 

15 
1 
0 
3 

UN 
UN 



73 
(31-97) 



80 
(60-98) 



88 
(72-98) 



Note. MacMiUan and MAT test sootes are indicated as percentages. 
Ranges are indicated in (). 
UN indicates unavailabie infocmatiofL 
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Table 1 5: Description of Fifth Grade Follow-up Subjects by 

Original Experimental and Control Cbssroom-Year Three 



AgK 

mean 

Race: 
Anglo 



5th 5th 
Experimental Control 



Numbers: _ 

male 8 ' 

female ^ J 

Sp. Ed. 0 0 

total 15 13 



11.6 11-7 



15 12 



Hispanic 0 9 

Black 0 0 

Asian 0 

SES: UN UN 

IQ. • UN UN 

MAT 

readingmean: UN UN 



Pr^-MacMUlan 
total test score 

(40-92) (24-94) 

Post-MadMillan 
total test score 

(72-96) (77-98) 



Note, MacMillanaiid MAT test scores ait iiKfic^ 
Ranges ait indicated in (). 
UN indicates unavailable infocmatioiL 
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Table 16: Sumrnary of ANCOVA Results for Kindergarten Including 
Posttest Mean Scores and p Values-Year Three 

Sub-tests from MacMillan Achievement Test 



EXPERIMENTAL 
CONTTROL 


Visuai 

Discrimination 


Lsttar ID 


Spatial 
Abilities 


Total 
Test 


Entire Class 










EXPERIMEhfTAL 


92.90 


98.57 


97.57 


96.33 




oS.SO 




Q7 68 • 
«Vf .WW 


93 36 


p VALUE 


NS 


NS 


0.0210 


NS 


Low Groups 










EXPERiMEWTAL 


87.43* 


97.14 


9D. i4 


CONTROL 


72.00 


76.00 


100.00* 


82.40 


p VALUE 


0.0488 


0.0899 


0.0001 


0.0224 


Medium Groups 










EXPERIMEmAL 


94.00 


OS fVl • 




96 20* 


cowraoL 


91.50 


98.00 


96.60 


95.30 


p VALUE 


0 0047 


0.0000 


0.0017 


0.0009 


niyi 1 ciruLf/s> 






100.00 


98.78* 


EXPERIMENTAL 


96.22 


100.00* 


CONTOOL 


99.14* 


98.57 


97S7 


98.43 


p VALUE 


0.0013 


0.0000 


NS 


0.0271 


BEFORE 










AFTER 










Entire Class 










BEFORE 


96.50* 


98.75* 


97.17 


97.50* 


AFTER 


88.11 


98.33 


98.11 * 


94.78 


p VALUE 


0.0008 


0.0000 


0.0000 


0.0000 


Low Groups 








95.33 


BEFORE 


93.00 


9a33* 


94.33 


AFTIR 


83.25 


96.25 


95.75* 


91.75 


p VALUE 


NS 


0.0152 


0.0172 


NS 


Medum GroMps 










BEFOf« 


9a25* 


97.50 


95.75 


97.00* 


AFTER 


80.00 


100.00 


100.00 


93.00 


p VALUE 


0.0140 


NS 


NS 


0.0517 


High Grotps 








99.20* 


BEFORE 


9720* 


100.00 


100.00 


AFTER 


95.00 


100.00 


100.00 


98.25 


p VALUE 


0.0362 


NS 


NS 


0.0180 



Note . Scores are indicatsdas'percaiitages. 
NS IndcatBS no signifk»nca 
*jj<.05 
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Table 1 7: Summary of ANCOVA Results for First Grade Induding 
Posttest Mean Scores and p Values— Year Three 

Sub-tests from MacMillan Achievement Test 



py PPRIMP NITAI 










Total 


rOSTTROL 


and Phonics 


Vocabulaiy 


Comprehension 


Study SIdlis 


Test 


ai lUi w v/icuN> 












EXPEWMEhfTAL 




75.95 


73.68 


82.18 


82.68 


CONTROL 


89.12* 


93.41 


83.24 


85.29* 


88.29* 


pVAUiE 


0.0002 


NS 


NS 


0.0040 


0.0032 


LcwGrotps 










71.86 


EXPEFUMEhfTAL 


80.86* 


57.00 


58.00 


69.14 


COf-JTROL 


76.20 


92.00 


85.80 


89.80 


82.20 


p VALUE 




NS 


NS 


NS 


NS 


Mecfium Groups 












EXPERIMEKTAL 


86.10 


79.90 


78.60* 


84.90* 


83.80 




on Aft 


Q1 ^7 • 


77 4"? 


73 as 

( w«WW 


86.29* 


n \JA\ I iP 
P VMLUC 


0.0001 


0.0310 


\J.WAc 


A AA01 


U.VAAJQ 


High Groups 












cXPtRIMcNTAL 


rtp OA 


OA. Rn 




Qfi no 




CONTROL 


99.60 


97.40 


88.80 


96.80 


97.20 


P VALUE 


NS 


NS 


NS 


NS 


NS 


BEFORE 












AFTER 
























BEFORE 


86.91 


70.82 


72.64 


80.27 


81.27 


AFTER 


87.73 


81.09 


74.73 


84.09 


84.09 


pVALUE 


NS 


NS 


NS 


NS 


NS 


Low Groups 










68.00 


BEFORE 


81.00* 


37.67 


57.00 


64.00 


AFTER 


80.75 


71.50* 


5a75 


73.00* 


74.75* 


pVALUE 


0.0328 


0.0185 


0.0937 


0.0339 


0.0515 


Mecliim Grotps 












BEFORE 


83.00 


75.80 


67.00 


78.20 


78.80 


AFTER 


80.20 


84.00 


90.20 


91.60 


88.80 


p VALUE 


NS 


NS 


0.0766 


NS 


NS 


High Groips 








100.00* 


98.67* 


BEFORE 


99.33 


95.67* 


97.67 


AFTER 


98.00* 


93.00 


68.00 


87.50 


81.00 


pVALUE 


0.0002 


0.0128 


NS 


0.0244 


0.0049 



Note . Scores era indicated as percentages. 
NS indbatBS no significance. 
•B<.05 
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Table 1 8: Summary of ANCX)VA Results for Second Grade Including 
Posttest Mean Scores and p Values— Year Three 

Sub-tests from MacMillan Achievement Test 



EXPERIMENTAL 
CONTTROL 


Decoding 
andPhonks 


Vocabuiaiy 


Comprehension 


Language 


study Skills 


Total 
Test 


Entire Class 














EXPERIMENTAL 


89.00 


90.50 


89.75 


91.25 


95.00 


90.29 


OOrTTHUL 


89.57 


95.19 


89.75* 


95.24* 


9D.r 1 


y i.yu 


p VALUE 


0.0310 


hB 


0.0460 


0.0016 


0.0010 


NS 


Low Groups 












CO AA 


EXPERIMENTAL 


73.00 


50.00 


53.50 


80.00 


90.00 


COKTROL 


68.00 


83.50 


62.50 


85.00 


75.00 


73.00 


p VALUE 


NS 


NS 


NS 


N3 


NS 


NS 


MecBum Grojps 














EXPERIMENTAL 


Of oo 
OO.OO 


92.50 






Oft OK 


on OK 


CONTROL 


89.58* 


94.33* 


89.83 


95.00* 


96.67* 


91.75* 


p VALUE 




00000 


0.0000 


0.0000 


0.0000 


0.0000 


nign orotps 














EXPERIMENTAL 


92.50 


95.14 


93.43 


92.86 


95.00 


93.50 


CONTBOL 


9&00* 


100.00* 


97.43* 


9a57* 


97.14* 


97.57 * 


p VALUE 


0.0000 


0.0000 


0.0000 


0.0O0O 


0.0000 


0.0000 


BEFORE 














AFTER 














Entire Class 














BEFORE 


88.69* 


91.23* 


91.06* 


90.00 


94.62 


90.31 • 


AFTER 


89.36 


89.64 


88.18 


92.73* 


95.45* 


90.27 


p VALUE 


0.0033 


0.0106 


0.0086 


0.0063 


0.0019 


0.0092 


ICM Grotps 












83.00 


BEFORE 


87.00 


73.00 


69.00 


100.00 


90.00 


AFTER 


59.00 


27.00 


38.00 


60.00 


90.00 


53.00 


p VALUE 


NS 


NS 


NS 


NS 


NS 


NS 


Medun Groi^DS 














BEFORE 


83.20 


90.60 


90.20 


88.00 


96.00 


87.40 


AFTER 


saoo* 


96.67* 


96.00* 


96.67* 


96.67* 


95.00* 


pVALUE 


0.0007 


0.0002 


0.0001 


0.0604 


0.0031 


0.0002 


High Grotps 












93.43 


BEFORE 


92.86 


94.29 


94.86 


90.00 


94.29 


AFTER 


92.14 


96.00 


92.00 


95.71 


95.71 


93.57 


p VALUE 


NS 


NS 


NS 


NS 


NS 


NS 



JhjsSfi- Scoras are Indicated as percentages. 
NS indkatae no signiflauice. 
•^<.05 
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Table 19: Summary of ANCOVA Results for Third Grade Including 
Posttest Mean Scores and p Values-Year Three 

Sub-tests from MacMillan Achievement Test 



EXPERIMENTTAL Decoding Total 
CO^^^ROL and Phonics Vo<abulaiy Connprehension Language Study SWIis T^t 



Entire Class 



EXPERIMENTAL 


92^ 


92.83" 


89.96 


90.70 


93.52 


91.52 


CONTROL 


88.45 


91.82 


90.27 


89.36 


90.18 


89.77 


p VALUE 


0.0949 


0.0261 


NS 


NS 


NS 


NS 


Low Groups 












82.00 


EXPERIMENTAL 


86.17 


87.50 


81.00 


69.67 


77.83 


OONTTKJL 


77.83 


87.50 


81.33 


79.17 


81.83 


80.83 


p VALUE 


NS 


NS 


NS 


NS 


NS 


NS 


MecSum Grotps 














EXPERIMENTAL 


94.13" 


93.75" 


91.88" 


97.00" 


99.00* 


94.00* 


CXD^fTF>OL 


92.80 


91.00 


91.40 


91.60 


98.40 


92.80 


p VALUE 


0.0011 


0.0001 


0.0026 


0.0000 


0.0000 


0.0008 


High Groups 














EXPERIMENTAL 


95.33* 


95.56" 


94.22 


99.11 


99.11 


95.67* 


CONTOOL 


92.27 


94.55 


94.64" 


93.91 


91.00 


93.27 


p VALUE 


0.0162 


0.0000 


0.0103 


0.0738 


NS 


0.0001 



BEFORE 
AFTER 



Entire Class 



BEFORE 


92.08 


92.31 


90.15" 


90.54 


93.62" 


91.38 


AFTER 


93.10* 


93.50" 


89.70 


90.90" 


93.40 


91.70* 


p VALUE 


0.0013 


0.0000 


0.0011 


0.0474 


0.0324 


0.0000 


LowGroqps 














BEFORE 


87.25 


83.75 


79.00 


73.25 


79.25 


81.75 


AFTER 


84.00 


95.00" 


85.00* 


62.50 


75.00 


82.50 


p VALUE 


NS 


0.0121 


0.0972 


NS 


NS 


NS 


MecSum Groups 














BEFORE 


94.00 


93.75 


93.50 


98.00 


100.00 


94.50 


AFTtR 


94.25 


93.75 


90.25 


96.00 


98.00 


93.50 


p VALUE 


NS 


NS 


NS 


NS 


NS 


NS 


High Groups 












96.60* 


BEFORE 


94.40 


9aoo" 


96.40" 


98.40 


100.00* 


AFTER 


9&50* 


92.50 


91.50 


100.00" 


98.00 


94.50 


p VALUE 


0.0000 


0.0000 


0.0023 


0.0001 


0.0002 


0.0000 



NQ(ft Scores are Indicated as percentages. 
NS indfcates no signiflcanoe. 
*jj<.05 

63 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



Hypermedia CAt-Final Report 



Table 20: Summary of ANCOVA Results for Fourth Grade Follow-Up 
Including Posttest Mean Scores and p Values-Year Three 

Sub-tests from MacMiilan Adilevement Test 



EXPERIMENTTAL 
UUNlHUL 


Docoding 
and Phonics 


V6cabu2aiv 


Comprehension 


Language 


Study Skills 


Total 
Test 


cnurQ oioSq 














EXPERIMEI^AL 


81.38 


78.44 


87.06 


86.81 


89.94 


84.81 


CO^f^ROL 


84.95* 


78.68 


92.37* 


89.05* 


92.26* 


87.95* 


pVALUE 


0.0005 


NS 


0.0097 


0.0001 


0.0002 


0.0152 


Lew Groups 












81.00 


EXPERIMEI^AL 


77.66 


69.44 


85.22 


82.78 


89.89 


CONTROL 


81.00* 


73.75* 


85.75* 


87.50* 


93.00* 


84.00 


p VALUE 


0.0122 


0.0110 


0.0039 


0.0025 


0.0000 


NS 


Medium Groqps 














EXPERIMEI^AL 


82.00 


86.25* 


84.75 


87.50* 


86.00 


85.75 


CONTTOL 


82.20 


77.00 


93.00 


87.20 


89.50 


86.90 


pVAUUE 


NS 


0.0102 


0.0799. 


0.0000 


0.0023 


NS 


High Groips 














EXPERIMEI^AL 


92.00 


95.00 


95.67 


98.00 


95.33 


95.00 


CONTROL 


93.60 


86.00 


96.40 


94.00 


97.20 


93.20 


p VALUE 


NS 


NS 


NS 


0.0723 


NS 


NS 



Note. Scores are indicated as percentigea. 
*j<.05 
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Table 2 1 : Summary of ANCOVA Results for Fifth Grade Folbw-Up 

Including Fittest Mean Scores and p Values— Year Three 

Sub-tests from MacMlilan Achieyement Test 



EXPERIMEhfTAL 
CONTFOL 


Decoding 
and Phonics 


Vocabuiaiy 


Comprehension 


Language 


Study Sidils 


Total 
Test 


Entire Class 














EXPEi=MMENfTAL 


94.73' 


86.67 


89.67 


78.67 


88.67 


87.93* 


CONTROL 


94.31 


85.77 


91.92* 


87.69* 


92.00* 


84.08 


pVAUJE 


0.0005 


NS 


0.0097 


0.0001 


0.0002 


0.0152 


LowGrotps 












82.40 


EXPERIMENfTAL 


91.40 


79.00 


82.60* 


72.00 


87.80* 


CONTROL 


96.00* 


80.00* 


79.00 


7a57* 


87.67 


82.33 


p VALUE 


0.0122 


0.0110 


0.0039 


0.0025 


0.0000 


NS 


Medium Groups 














EXPERIMENfTAL 


94.00 


88.00 


94.80 


92.00* 


88.80 


92.00 


CONmOL 


91.67 


85.83* 


94.67 


87.50 


92.83* 


77.33 


p VALUE 


NS 


0.0102 


0.0799 


0.0000 


0.0023 


NS 


High Groups 














EXPERIMENfTAL 


98.80 


93.00 


91.60 


72.00 


89.40 


89.40 


CONTROL 


97.00 


90.00 


97.50 


96.25 


94.00 


95.50 


p VALUE 


NS 


NS 


NS 


0.0723 


NS 


NS 



Note , Scores are indicated as percentages 
NS indk:atos no signiflcanoe. 
•fi<.05 
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Table 22: Summary of ANCOVA Results: 
Longitudinal Data 

Sub-tests from MacMillan Achievement Test 



STUDENT 



GROUP OVER 
THREE YEARS 


Decoding 
and l^honks 


Vocabula/y 


Compreliension 


ijanguage 


Study Sldils 


Total 
Test 


K-1-2 

Always Control 
Experimental Once 
Experimental Twice 
Always E)q3erimertal 
p Value 


96.00 
89.43 
92.20 
93.00 
0.0001 * 


90.00 
94.29 
97.20 
97.67 
0.0000* 


91.00 
90.29 
91.40 
97.00 
0.0000* 


100.00 

92.86 

100.00 

95.00 

0.0000* 


MA 


93.50 
91.43 
93.60 
95.33 
0.0000* 


1-2-3 

Always Control 
Experimental Once 
Experimental Twice 
Always Experimental 
p Vakie 


91.00 
94.38 
93.13 
94.67 
0.0001 * 


95.00 
94.38 
93.13 
93.33 
0.0000* 


94.00 
92.25 
93.13 
93.17 
0.0000* 


86.60 
95.88 
92.75 
97.33 
0.0001 * 


85.20 

94.88 

100.00 

97.33 

0.0000* 


91.40 
94.25 
93.63 
94.17 
0.0000* 


2-3-4 

Control Twice 
Controi/Expedmental 
Experimer^al/Controi 
Expecimenta] Twic« 
p Value 


90.40 
82.00 
82.00 
84.57 
0.0000* 


75.00 
76.00 
83.33 
85.83 
0.0472* 


92.40 
86.00 
93.33 
85.17 
0.0954 


90.20 
88.80 
89.11 
88.67 
0.0716 


90.20 
95.80 
93.00 
83.67 
0.0000* 


88.40 
86.00 
88.44 
85.17 
0.0012 * 


3-4-5 

Control In 3rd Grade 96.13 
Experimental in 3rd Grade 94.50 
p Value 0.0024* 


86.88 
90.50 
0.0001 * 


93.75 
92.20 
0.0013 * 


88.75 
82.50 
NS 


93.88 
92.30 
0.0009* 


92.13 
90.80 
0.0001 * 



Note . Scores are indicated as percentages. 
NS indfeate no signMcance. 
*j<.05 
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COMTROL 



EXPERIMENTAL 



EXPERIMENfTAL 



I 
I 
I 



CONTROL 3 YEARS 








EXPERIMENTAL 1 YEAR 


jL Control 






EXPERIMENTAL 2 YEARS 


ju Expwimantal 


r4o SlQniftcarl 
Otftorence 




EXPERIMENTAL 3 YEARS 


^ Experiinentil 
3y8«ni 


JL Expadnrwntal 
^ 3ya«f3 


NoSionincvt 



CONTROL 3 YEARS 



EXPERIMENTAL 1 YEAR 




EXPERIMENTAL 2 YEARS 



EXPERIMENTAL 3 YEARS 



CONTROL 
3 YEARS 



EXPERIMENTAL 
1 YEAR 



NoSignHcvt 



NoSigninctrt 



NoSignificart 
Oifliwvnc* 



EXPERIMENTAL 
2 YEARS 



NoSigniAcirt 



NoSigniAcirt 



N oSjonta rt 
Difl0ftno9 



CONTROL 



EXPERIMENTAL 



EXPERIMENTAL 
2YEARS 



I 
I 
I 
I 
I 
I 
I 
I 
I 



ERIC 



CONTROL 3 YEARS 


mm 


bhbhhsb 




EXPERIMENTAL 1 YEAR 


NoSioNAcirt 
Dtflicvncs 




■ , ' '. . ■" . ' . *i - 


EXPERIMENTAL 2 YEARS 


NoSlgniAcart 


NoSignlAc«t 

UffMfinCV 




EXPERIMENTAL 3 N'EARS 


NoSigniAcant 


^ Exptrimtrtal 


NoSignitart 
OMiKinos 



CCXfTROL 



EXPERIMENTAL 
1YEAR 



E)0>ERiMEhrTAL 

-2: 



CO 

c 
m 

CO 
H 



CO 

c 

? 

m 

CO 
H 

O 
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CONTROL 
. 3 TKAnS ■ 


EXPERIMENTAL 
1 YEAR 


EXPERIMENTAL 
2 YEARS 


CONTROL 3 YEARS 








EXPERIMENTAL 1 YEAR 


NoSlgnMcvt 
DtfMMenoe 






EXPERIMENTAL 2 YEARS 


NoSionMcart 
DWtienoe 


NoStgnMcvt 
DifVtience 




EXPERIMENTAL 3 YEARS 


NoSiQnMctft 
OtfrMooe 


NoSignMc«t 
Otftoftnoe 


NoSiQnMctftt 
DlfliMnoe 



CONTROL 
3 YEARS 



EXPERIMENTAL 
1YEAR 



EXPERIMENTAL 
2 YEARS 



CONTROL 3 YEARS 



EXPERIMENTAL 1 YEAR 


NoSlgnMcart 
OMMWKe 






EXPERIMENTAL 2 YEARS 


NoSlgnMcwc 
OWMWve 


NoSignMcart 
OMnvnce 




EXPERIMENTAL 3 YEARS 


DMMVice 


OMMvnoe 


NoSignilcvl 
OMifvnce 



CONTROL 
3YEARS 



EXPERIMENTAL 
1VEAR 



EXPERIMENTAL 
2YEARS 



CONTROL 



EXPERIMENTAL 



EXPERIMENTAL 



ERIC 



6b 



c 
m 

0) 
H 




CO 

c 

? 

m 

CO 
H 

O 




CONTROL 3 YEARS 








EXPERIMENTAL 1 YEAR 


NoSlgnMcini 
DVftienoe 






EXPERIMENTAL 2 YEARS 




DtflMenoe 




EXPERIMENTAL 3 YEARS 




NoSlQnAcvt 


OVlMvnoe 



> 



m 

CO 
H 
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CONTROL 
2VEARS 



CONTOOLthen 
EXPERIMENTAL 



EXPERIMENTAL 
thenOONTPOL. 




CONrmOL then EXP 


NoSigniAcan 
DVlMWioa 






EXP then CONTROL 


NoStonMcwt 


NoStoniAcvt 
DtflMvnoa 




EXPERIMENTAL 2 YEARS 


NoSioniacirl 
DMifonos 


Nodigniflcartt 


NoSiQnMcvK 
0NlifMkU9 



CXJNTROLthen 
IIMENTAL 



EXPERIMENTAL 



COMmOL 



CONmOLthan 



EXPERIMENTAL 



t^. *Jt<.06 



03 
C 

3 

m 

H 
O 




CONTROL 2 YEARS 








CONTROL thin EXP 


DVlMinoi 


"■. ■ V'' ' ' ■■ 




EXP thin CONTROL 


ihtnCoriol 


Diftofinoi 




EXPERIMENTAL 2 YEARS 


NoSionKlctnt 
DtflifM'iLi 


NoSlgnMlcvt 
DVlMinoi 


Noaigniovi 
Dtftofinoi 
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Hypermedia Computer Assisted Instruction: 

Adapting a Basai Reading Series 

Every day in elementary school classrooms across the country students sit in teacher- 
directed reading groups and read from their basal readers. Often this type of instruction follows 
the teaching strategies outlined in the teacher^s guide for the basal, including work on vocabulary 
skills, semantic and syntactic reading skills, and comprehension skills. 

While systematic reading instruction is at the core of the elementary school curriculum, 
as much as 70 % of reading instruction time in these classrooms does not involve the teacher. 
Instead, the students work independently on noninteractive reading- related assignments such as 
worksheets (National Academy of Education, 1985). Given the current trend in public schools 
to educate students with mild handicaps in the general education classroom, and with the 
majority of elementary school teachers using the basal reader approach (National Academy of 
Education, 1985), adapting a basal reader to multimedia computer assisted instruction for these 
students is an exciting approach to using technology in the elementary classroom. 

The Research Project 

A school-based, cooperative research project between the University of Washington and 
Hazelwood Elementary School is being conducted in Renton, Washington. This three-year 
longitudinal project involves developing and testing multimedia reading materials in a 
hypermedia format based on the elementary basal reading series used in the district. 
Specifically, the multimedia/hypermedia reading materials arc designed to facilitate successful 
participation of students with mild disabilities in a general elementary classroom basal reading 
program (K-3). The project is evaluating the impact of these materials on children's 
development of reading skills, participation in reading-related classroom activities, and yearly 
achievement gains in language arts. 

Eight classrooms (K-3) involving over 300 students in both experimental and control 
settings are participating in the study. The natural movement of students from one grade level to 
the next results in random assignment of students to control and experimental classrooms each 
year. Thus, the project is accumulating longitudinal information on five separate subgroups 
based on the sequence and number of years the students participate in either experimental or 
control classrooms: 

♦ Students who use the multimedia^iypermedia reading materials every year for three 

years. 

♦ Students who use the multimedia/hypermedia reading materials two years in a row. 

♦ Students who use the multimedia^iypermedia reading materials two years with a one- 

year hiatus between the two years. 
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♦ Students who use the multimedia/hypermedia reading materials for one year. 

♦ Students who do not use the multimedia^iypermedia reading materials any year. 

The Software 

Technological Features 

The multimedia software developed and used in this project is accessed through a 
hypermedia interface written in HyperCard (Atkinson, 1987) for the Macintosh family of 
computers. The technology requirements are exclusively microcomputer based and do not 
include additional hardware such as a CD-ROM drive or videodisc player and monitor. 
Limiting the software to the microcomputer's audio and visual capabilities achieves two 
purposes: 

♦ The cost of a single student workstation is kept to a minimum. This provides research 
data based on a reasonably priced technology that schools can afford and therefore are more 
likely to implement. 

♦ The use of a single-screen format is consistent with the gestalt law of closure (i.e., we 
see things that are within a closed region as having correspondence to one another), which 
dictates that a single screen be used to present information (Nielsen, 1990) to assure that 
students are not confused about where they should look for information (A. P. Givens, personal 
communication, April 1 , 1 99 1 ). In addition, using this format, students are more likely to 
understand the connections between the layered hypermedia information and the original text 
(Nielsen, 1990). 

Educational Strategies 

Unlike much commercial multimedia and hypermedia software that is more a database of 
information to be explored by students the software in this project employs educational strategies 
based on specific learning goals. This is , rather than computer assisted instruction. The 'look 
and feer of the interface between the student and the software is kept constant from lesson to 
lesson through visual iconic representations of commands for controlling the lessons, as well as 
auditory cues, instructions, and reinforcements relayed to the student via headphones. 

Format 

Lessons consist of verbatim text from the basal readers presented on a computer screen 
in a large ( 1 8 or 24 point) typeface. The nonscrolling pages arc linked lineariy from first to last 
with the option of paging forward or backward. The first and last pages are also linked to 
provide a metaphor of circularity. Multimedia enhancements arc available on each page through 
the hypermedia interface of buttons linked to text windows, graphic windows, and digitized 
speech. There arc no relational links from page to page as found in many hypertext and 
hypermedia documents. This limited or guided hypermedia format provides students with the 
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relational information inherent in good hypermedia while lessening the chances for confusion 
within a large network of information. 

Instructional Strategies 

The multimedia/hypermedia capabilities of the microcomputer hardware and software 
helped define the instructional strategies selected for adaptation to the lessons in this project. 
Thus, strategies that could be faithfully ''reproduced'' by the multimedia/hypermedia format 
were chosen (e.g., lead a student through the same sequence of prompts as a teacher would), 
and only those that were successfully implemented in a pilot test were included in the software 
(see Figure 1). 

Instructional strategies incorporated into the software through its hypermedia links meet 
three criteria: 

• The instruction must constitute an effective reading strategy or intervention for 
students with mild disabilities. 

• The instruction must be similar to a strategy the teachers are likely to be using or with 
which they are familiar. 

• The instruction must be transportable to the microcomputer format without sacrificing 
important elements of the strategy. 

Year1 

Software developed for the first year of the project includes vocabulary enhancements to 
the basal reader text. Research indicates that pairing unknown words with additional 
information about those words is a highly effective vocabulary learning procedure (Graham & 
Johnson, 1989). Computerized pictures, animated graphic sequences, definitions, synonyms, 
and digitized speech, linked to words and pictures from the original basal text, provide the 
students with new experiences related to reading. 

Year 2 

The second year software builds on the existing software from year one, adding 
instructional enhancements for understanding syntactic and semantic structures in the text. 
Since elementary school children are less likely to use pronoun clues for understanding text than 
are adult readers (Lesgold, 1972), Chai (1967) concluded that making logical connections 
between pronouns and their referent words may be necessary to prevent potential ambiguity of 
meaning. Based on these findings, the new sofbvare features for the second year graphically 
depict the relationship between pronouns and anaphora with their referent words. 

Year 3 

Sofhvarc developed for the third year builds on the second year sofhvare, adding 
enhancements for comprehension strategies . Two strategies, questions inserted in text as 
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prompts (Wong, 1980) and questions presented as prereading goals (Wong, 1979), have proven 
successful with students with mild disabilities. As a result, questions inserted in text, rereading 
to find specific information, and prereading goals are implemented in the third year 
comprehension strategies. 

Teacher Considerations 

Recognizing that any instructional strategy, including computer assisted instruction, can 
be successful only when used regularly by a teacher, the project took the following principles 
into consideration: 

♦ Teachers prefer to use computer software that directly relates to what they are already 
doing instructionally (Howell, 1990; Mokros & Russell, 1986), therefore, the software should 
support the already established curriculum. 

♦ Software for use in a mainstreamed classroom setting should provide increased 
interactive instructional time for students without increasing the demands on the teachei^s time 
for either instruction or evaluation. 

♦ Meaningful integration of a computer assisted component into the instructional and 
management schemes of a classroom requires both a flexible instructional product and adequate 
teacher support. 

Approximately 50 % of the stories from the basal reader series, preprimer through fourth 
grade, were adapted as multimedia/hypermedia lessons. Students used the lessons 
independently either before or after a teacher-directed reading activity, rotating from independent 
seat work at their desks to the computer station in their classroom. Throughout the three years 
of the project, the teachers received training on the use of the computers and software, 
participi>ted in scheduled group support meetings after school, and received frequent support 
with?ri tlidr individual classrooms during the school day. 

Results 

Achievement gains from the first and second years, based on pretest and posttest scores 
from the basal criterion referenced test, were examined by treatment grouping (experimental vs. 
control) and instructional sequence grouping (intervention either before or after teacher-directed 
reading group). When comparing entire classes, almost no difference was found between 
experimental and control groups at any of the four grade levels. However, classifying students 
within classes into ability groups (e.g., high, medium, low, resource room) provided evidence 
that the intervention was a significant educational help for some low-achieving students and for 
students with mild disabilities. 

Results arc inconclusive as to whether the lessons are best used before or after a teacher- 
directed reading activity. Howeyer, anecdotal information from the teachers in the experimental 
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classrooms indicates that when used as advanced organizers, the lessons provide some students 
with increased confidence and additional skills for participating more actively in the teacher- 
directed reading group. 

Year 1 Data . Low students in the kindergarten experimental classroom achieved 
higher improvement scores than their counterparts in the control class in letter identification, 
auditory discrimination, and total test scores. Whole group significance was found, with 
experimental kindergarten students outperforming the control group in letter identification and 
auditory discrimination. Further, the medium group in the kindergarten experimental class 
performed significantly better than the corresponding control class group in auditory 
discrimination and total test. 

Students in the second grade experinlental class defined as low obt ined significantly 
higher improvement scores in comprehension and total test. While no significant differences 
between experimental and control students were found in the low groups, at the third grade level 
students defined as medium and high outperformed their counterparts in the control classroom in 
vocabulary and comprehension skills, respectively. No difference was found in improvement 
scores between the students defined as low in the two first grade classrooms. 

Year 2 Data . Whole group significance was found at the kindergarten level with 
experimental students outperforming the control students in letter identification. Low group 
students in the experimental classroom performed significantly better than the control group in 
letter identification. However, no difference was found in the performance of the medium and 
high groups at this level. 

In first grade, whole group significance was found with the experimental group 
outperforming the control group in decoding, vocabulary, and total test scores. By ability level, 
students in the experimental low group had significantly higher test scores than the control 
students in decoding. Similarly, students in the experimental high group had significantly higher 
test scores than the control students in decoding, vocabulary, and total tes* scores. 

In the second grade» students in the experimental classroom low group outperformed the 
control group in language skills, while the high group outperformed the control group in 
vocabulary skills. Finally, for third grade students, the high experimental group had 
significantly higher test scores in decoding and total test. 

One of the most interesting results of the second year was the achievement gains of two 
resource room students in the third grade experimental classroom. Over the course of the year, 
these students advanced out of a resource room for all their reading instruction, to full 
participation in the middle reading group in their home classroom setting. Protocol analysis 
with these two students revealed an understanding of the key instructional elements of the 
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software as well as enthusiasm for reading the lesson on the computer, Ariecdptal teacher 
information indicates that the students came to reading group prepared to participate with the 
other children, with knowledge of lesson vocabulary, and with enthusiasm. 

Recommendations 
The teachers who are using this multimedia/hypermedia software contribute perhaps the 
keenest insight into which aspects of the project are most important both instructionally and in 
terms of classroom integration. This commentary from the classroom provides a useful point of 
departure for discussion of further research. Informal formative evaluation conducted during 
after-school support meetings along with videotaped interviews near the end of the third year 
reveals several aspects of the project the teachers felt were salient to their success. 

• The students were able to use the computer independently with no teacher involvement 
for either operating the hardware or successfully completing the lessons. 

• The software directly supported what the teacher was currently doing instructionally 
both in content and in instmctional strategy. 

• The software was instructional, not just drill and practice for information or concepts 
already presented by the teacher. 

The teachers* acceptance of the computers and software as a regular component of their 
reading programs for a three- year period is peAaps as important a research finding as the 
project's effect on student reading achievement. Finally, it is imperative to retain the three 
features suggested by the participating teachers as components of educational multimedia and 
hypermedia research. Such research should examine not only development of more powerful 
technologies and instructional designs, but also alternate paradigms for the role of computer 
assisted instruction in the elementary classroom. 
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shcNvn infrisfjcwchart (a) VOCABULARY, text and 
grapNc windows appear over the main text screen; (b) 
ANAPHORA, a grapiTic connects the pronoun to Its 
antecedent; and (c) COMPREHENSION, students search 
for the line where the answer to a question is found. The 
software limits the text to t^e searched each time an 
incon-ect choice is made. 
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Hypertext/Hypermedia 
Information Presentation: 
Developing a 
HyperCard Template 



Randall Boone and Kyle Higgins 



Hypertext and hypermedia are telativeiy new terms 
for today's computer-using educators although the 
basic concept of non-sequential, computer-based 
text first was envisioned more than 40 years ago 
(Bush, 1945). Since this capability for microcom- 
puters became widely available in 1986, interest in 
hypermedia has been growing rapidly throughout 
the educational community. This recent interest 
has resulted in a rapid increase in the number of 
magazine and journal articles, papers and presenta- 
tions at educational conferences, and hypermedia 
educational software programs available for class- 
room use. Hypermedia as an educational tool is 
very different from traditional computer-assisted 
instructional software, offering a new format for 
providing instruction and information via a com- 
puter. 

The first issue in discussing this subject is to clear 
up any confusion among three similar new terms 
being used in computer education: hypertext, 
hypermedia, and HyperCard (Atkinson, 1987). The 
first, hypertext, describes the concept of non- 
sequential text presentation. The next term, hyper- 
media, correctly designates a hypertext document 
that includes graphics, digitized speech, music, or 
video segments. HyperCard, on the other hand, is a 
specific software product developed by Apple 
Computer for the Macintosh. It is an operating sys- 
tem and authoring environment specially designed 
for creating applications based on the hypermedia 
concept. 

The format of a traditional textbook leads the 
reader through a page-by-page progression from the 
beginning to the end. Additional information or 
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clarification must be obtained from supplementary 
reference sources (e.g., a dictionary, thesaurus, 
encyclopedia, or another person). Hypermedia, on 
the other hand, provides immediate access through 
its computer format to supplemental information 
that the' reader wants or needs without the inter- 
ruption of seeking additional help outside of the 
immediate reading environment. A hypermedia 
textbook might include extra information in the 
form of additional text, computer generated 
speech, graphic representations, animated se- 
quences, or combinations of text, speech, and 
graphics. Video segments may also be incorporated 
into hypermedia through videotape and laserdisc 
technology. This presentation system provides a 
reader an individualized way of accessing informa- 
tion, based on the person's needs or interests. 

A hypermedia page might be thought of as a 
composite of several sheets of transparent film 
overlaying one another, each sheet containing its 
own unique information. The top layer sheet in 
the hypermedia page provides the initial informa- 
tion to be viewed' and also serves as a menu for 
accessing information available on the underlying 
pages. The secondary iext or graphics from the 
underlying pages is viewed by the reader in special 
windows that appear either alongside or overlaying 
the original page. From a secondary page or win- 
dow the reader has the option to return to the 
original screen without the window, or further pur- 
sue new information in additional windows. These 
enhancements are typically accessed through the 
use of a computer mouse. The mouse controls 
cursor movement and selection of computer func- 
tions without the need for a keyboard. Selecting a 
word, for example, could give a choice of the 
word's definition or pronunciation, or provide a 
picture associated with the word (see Figure 1). 
Further selections on the second layer pages or on 
any subsequent layer could take the reader to ad- 
ditional areas of information. 

Exploration of hypermedia can be left entirely 
to the reader or be controlled in varying degrees by 
a presentation sequence programmed into the 
hypermedia document itself. Readers of hyper- 
media, then, have the option to browse through 
reading material in a totally open-ended manner 
corresponding to their interests and needs, or to 
use the guided exploration. 

The idea of hypertext as described by Nelson 
(1974, 1978, 1981) included different types of 
hypertext forms, from simple links between chunks 
of related text, to a more loosely structured text 
navigation system connected to a vast knowledge 
library including all pertinent information about a 
subject, jonassen (1986) described three forms for 
implementing hypertext: (a) node-link, with chunks 
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People sometimes asked him what 
he was going to do with ail his 
pennies. All he ever said was, " You'll 
see." But Henry didn't really 
know yet. 

Sometimes he^Jhought of all th ^ can 
he coufc buy wifk his pennies 





PeM^sometimes asked him what 
he 4^B[oing to do with all his 
pennies^ All he e ver said was. " You'll 
see." But |Henry| didn't really 
know yet. I 

Sometime9(he)thought of at! the candy 
he could buy with his pennies 




Figure 1. Cursor selection of the bold face words on the original text page (top left) reveals different types of hyper- 
text/hypermedia enhancements in this educational hypernnedia lesson: (a) KOt^V/, » text window, depicts the structural 
analysis of the contraction; (b) candy, a graphic window, reinforces sight vocabulary with a visual representation of 
candy; (c) he, a graphic overlay, depicts the sennantic and syntactic relationship of the pronoun to its referent word, 
Henry; and Id) sometimes, a computer generated voice says the word. 



of text linked together providing direct access 
from any piece of text to another; (b) structured, 
in which the hypertext form serves as a meta- 
database, controlling access to each of several data- 
bases of related information; and (c) hierarchical, 
similar to structured hypertext, but with content 
arranged with general concepts broken down into 
more detailed concepts. 

Hypertext/hypermedia, as it evolves, may take 
on many different forms. Some may prove more 
effective for particular types of reading material or 
instructional purposes. A form that is good for 
recreational or informational reading might not 
work well as a tutorial or as reference material. 
With new products described as hypermedia begin- 



ning to appear in the educational marketplace it is 
necessary for classroom teachers and other educa- 
tors to become familiar with this new instructional 
mode in computer assisted learning. 

Visions of hyperbooks(Moursund, 1988), hyper- 
text and other forms of hypermedia (Dcde, 1987) 
perhaps foretell the future focus of computer edu- 
cation, but computer-using educators need not 
wait until the future to use hypermedia. It is avail- 
able today in a number of instructional programs 
and hypermedia authoring systems. Guide (Owl 
International Software, 1986), //yperCcjtrc/ (Atkin- 
son, 1987), LlnkWa^ ^:::..riaty, 1989), SuperCard 
(Appleton, 1989), HyperStudio (O^Kccfc, 1989), 
Tutor-Tech (Techwarc Corporation, 1988), //yp^r- 



ERLC 



22 



8-0 



EDUCATIONAL TECHNOLOGY/February 1991 



I. 



Screen (Brackett, 1990) and Too/book (Asymetrix 
Corporation, 1990) are some of the products de- 
signed to produce hypertext or hypermedia docu- 
ments by persons with varying degrees of com- 
puter knowledge anct programming proficiency. 

Guide. Guide is a menu-driven authoring system 
for hypertext. Creation of a hypertext document 
begins with the entry of text in a format very 
similar to that of a word processor. Window oxer- 
lays, replacements, and links between different 
parts of the text are incorporated into the docu- 
ment by menu-driven selection procedures. Guide's 
system of menus is very easy to use, giving power- 
ful programming capability to relative novice com- 
puter users. Both text and graphics can be incorpo- 
rated into Guide windows along with sound and 
videodisc control. Recent releases of the program 
will allow a record of user responses to be stored. 
Guide runs on both the IBM PC and the Macintosh. 
It is available from Owl International Software. 

HyperCard. HyperCard is a hypermedia author- 
ing system for the Macintosh available from Apple 
Computer. Although more difficult to use than 
Guide, it is much more powerful as a hypermedia 
authoring tool. HyperCard includes its own pro- 
gramming language with full high-level computer 
language capabilities. Although using HyperCard 
requires programming skills for creation of sophis- 
ticated hypermedia documents, it is much easier 
and less time consuming than development of 
similar material in a more conventional program- 
ming language. HyperCard comes free with the 
purchase of a Macintosh. 

LinkWay. This product is IBM's version of 
HyperCard. It incorporates the mouse-controlled 
format of the Macintosh into the operation of the 
IBM and compatible computers. LinkWay relies on 
the use of icons for linking information in the text. 
These icons indicate that different types of addi- 
tional information are available to the reader. A 
special speech adapter is necessary for adding 
computer speech capabilities to the hypermedia 
documents created with LinkWay. 

SuperCard. This product took the HyperCard 
idea and provided several additional capabilities 
not available in HyperCard. SuperCard gives a 
hypermedia author an improved graphics tool, a 
special animation capability, and the ability to 
create buttons in shapes other than the rectangles 
provided in HyperCard. It is produced for the Apple 
Macintosh computer, yet unlike HyperCard, Super- 
Card comes from an independent software de- 
veloper, Silicon Beach Software. 

HyperStudio. HyperStudio is an adaptation of 
HyperCard for the Apple GS computer with 1.25 
megabytes of RAM. Available from Roger Wagner 
Publishing, HyperStudio is a hypermedia authoring 



tool providing access to the color video and en- 
hanced audio capabilities of the Apple GS ma- 
chines. Lesson design is similar to that of Hyper- 
Card, but most programming is done through a 
menu-driven authoring system. Complete sound 
digitizing hardware is included with the software. 
This product provides easy to use yet sophisticated 
hypermedia capabilities for a computer that is 
very common in public schools. 

Tutor-Tech. This is a hypermedia authoring 
product available for the Apple II line of com- 
puters. Lessons are created in a page by page fash- 
ion using multiple fonts and a built-in graphics 
tool. Buttons are available for controlling text 
presentation and viewing the hypermedia en- 
hancements. No programming experience is nec- 
essary to build lessons with Tutor-Tech. Student 
lessons can be controlled through the keyboard as 
well as a mouse. Tutor-Tech is available from Tech- 
ware Corporation. 

HyperScreen. HyperScreen, a hypermedia prod- 
uct also for the Apple II line of computers, requires 
an alternate input device such as a mouse or a joy- 
stick. It is similar in many ways to Tutor-Tech in 
its reliance on the capabilities of the Apple II line 
of computers. Clip art and sound resources are also 
available for HyperScreen from Scholastic. 

Toolbook. Toolbook is another IBM compatible 
hypermedia product. It requires the Microsoft 
Windows 3.0 graphical user interface. Toolbook, 
from Asymetrix Corporation, is currently the most 
HyperCard-like of the hypermedia programs for 
the IBM compatible machines. 

HyperCard for the Macintosh and HyperStudio 
for the Apple GS appear to be the most widely 
used by educators of the full-featured hypermedia 
systems for microcomputers. Although most teach- 
ers with a reasonable amount of computer experi- 
ence can be successful in creating a respectable 
piece of hypermedia software using the menu- 
driven programming features of HyperStudio, the 
same is not true of HyperCard. 

HyperCard includes its own programming lan- 
guage with full high-level computer language 
capabilities. Based on a metaphor of note cards, 
HyperCard programming involves the creation of 
cards or screens of information which are ordered 
in files called stacks. HyperTalk, the programming 
language provided, is used to control presentation 
of the cards and operations within the stacks. 



A Hypermedia Template in HyperCard 
Developing a template to accomplish similar 
tasks is a familiar strategy for computer users and 
programmers. Once a template is built in a spread- 
sheet, database, or word-processing program, one 



O EDUCATIONAL TECHNOLOGY/Fcbruary 1991 23 

ERJC 8, 



has only to enter new information for each new 
job. Construction of a hypermedia document 
template likewise makes sense for teachers who 
want to provide their students with computer as- 
sisted instruction through the hypermedia format. 
Using HyperCard, this can be a relatively easy task. 

Instructions for creating a simple hypermedia 
template and subsequent hypermedia lessons fol- 
low. This is not a HyperCard tutorial. Exact step 
by step instructions are too lengthy for this article. 
Those who are somewhat familiar with HyperCard 
or who have some programming experience and a 
HyperCard manual, however, should have little 
trouble. It should be kept in mind that, as in any 
programming task, many ways exist to solve a 
particular problem. Those included here may not 
be the most efficient or elegant, but they do work. 
The document design and preparatory steps out- 
lined here should also be of help when using other 
hypermedia authoring systems. 

Windows, Buttons, and Links 

HyperCard, with its metaphor of note cards in 
stacks, gives a familiar visualization to program- 
ming in this authoring environment. One card in a 
HyperCard stack represents one full screen on the 
Macintosh. For a hypermedia document, each 
screen (or card) may be thought of as one page in 
the document. Buttons, cursor-sensitive areas, are 
created on the cards to link them together. The 
buttons also serve to call windows of varying sizes 
to overlay a current screen. These windows may 
contain either text, graphics, or text and graphics 
together. Through this system of cards, windows, 
and buttons, a hypermedia document is linked 
together. 

The Template 

This template contains ten cards which allows 
for ten screens of original text. Each card con- 
tains links to two graphic windows and two text 
windows as well as links to the next original page 
and the previous original page. The last page re- 
connects to page one (see Figure 2). 

The ten pages (cards) of original text are con- 
nected in a sequential order through page-turning 
buttons. Additional layers of information for each 
page are available through four windows, two 
graphic and two text. 

This template produces what is perhaps more 
correctly called a limited or guided hypermedia 
document. While enhancements to the original 
text via the text and graphic windows on each 
page are available, there are no referential links 
between the separate pages. These links would 
connect or reference related facts or ideas scat- 
tered throughout the text. This is a very reason- 
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Figure 2. Ten original pages are linked sequentially with the 
last page returning the reader to the beginning. All pages 
have double links to page forward or backward. 



able option and has been left out only to keep 
the template simple. 

Getting Started. HyperCard programming is 
accomplished mainly through menu selection of 
options and immediate mode commands. Start- 
ing from scratch is as easy as: (a) selecting NEW 
STACK from the menu bar; (b) creating a back- 
ground; and (c) creating the number of cards 
necessary through menu selection of NEW CARD. 

Background. Every page in a hypermedia docu- 
ment should bear some similarity to the others in 
terms of the look and feel of its operational fea- 
tures. This provides a familiar context for reading 
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Figure 3. A common background for every page in a hypermedia lesson might include 
features such as (a) right and left page-turning arrows, (b) a centered page number, (c) a 
stop button to quit the program, and (d) a white background of simulated stacked papers 
for the original text of the document. 
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and learning. A HyperCard stack will have at least 
one background that is shared by many or all the 
cards. It can be designed using the built in graphics * 
tool provided in the system but must be done 
while in the "background" mode. Figure 3 shows a 
representative hypermedia background. The right 
and left arrow buttons and the stop button, along 
with the graphic simulation of stacked pages, are 
features of every card in this stack. Only the white 
area where the text for that page will appear, 
changes from card to card. 

Cards. Each time a new card is created in a 
HyperCard stack, it is assigned an ID number 
unique to that stack. This number is necessary for 
keeping track of the cards in the stack. For exam- 
ple, the script (HyperTalk code) for a page-turning 
button must include the card ID number of the 
destination page (e.g., GO TO CARD ID 2345). It 
is necessary then to make a listing of these card 
ID numbers as the cards are created. This is done 
by menu selection of OPTIONS and then further 
selection of CARD INFO. 

As the first 10 cards, corresponding to the 10 
original text pages, are created, their ID numbers 
must be noted and matched to a page number (e.g., 
Page 1, CARD ID 2834; Page 2, CARD ID 3730; 
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etc.). This information will be used often as you 
navigate through the template. When the template 
is duplicated, the card ID numbers remain the 
same, so Page 1 in the original template and Page 1 
in the 100th copy of the template have the same 
card ID numbers. 

Text Windows. Fields are the HyperCard primary 
function for displaying text. Fields can be in the 
background of the stack, and thus appear on every 
card, or can be specific to a particular card. 

This template wih use CARD FIELDS exclusive- 
ly, those specific to one card. Card fields are num- 
bered consecutively from one, up to the number of 
fields created. Text for the fields is entered in word 
processor fashion on the screen when the field is 
active. Again, it is necessary to kef ^ "k of what 
information goes into which fielu. Oi e way to 
accomplish this easily is to associate the FIELDS 
with correspondingly numbered BUTTONS (e.g., 
Field Button 1 accesses Card Field 1). The infor- 
mation in the card field, then, should be related to 
the word associated with the like-numbered but- 
ton. Although fields are available in several modes, 
the SHADOW box, in a non-scrolling mode, seems 
best unless a large amount of text is needed in the 
field. 
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Graphic Windows. There is no graphic window 
function in HyperCard as there is for text. This 
must be simulated. The simulation is accomplished 
in the following manner: 

1 . Copy the text portion of a page using the 
*'marching ants" tool in the TOOLS menu. 

2. Create a new card from the EDIT menu. This 
will put a blank card on the screen with noth- 
ing but the BACKGROUND visible. 

3. Paste the text from the original page onto the 
new page. 

4. Using the graphics tools create an empty box 
where you want the graphic window to ap- 
pear. A shadow box in the upper right corner 
is a good spot. 

5. Copy the graphic you want from the SCRAP- 
BOOK and paste it into the empty box you 
just created. 

6. Note the CARD ID number of the new page. 

7. Return to the original page. 

The graphic window simulation is effected by a 
BUTTON script which calls the new card to replace 
the original. Since the only thing different in the 
two cards is the graphic box, it appears that the 
box is an overlay to the original page rather than a 
full page replacement. Similarly, to hide the graph- 
ic window, the script calls the original page back. 
This appears to make the window disappear (see 
Figure 4). 

Buttons. Buttons are the real workers in Hyper- 
Card. The scripts, or HyperTalk programming code, 
associated with the buttons are very powerful. 
Buttons are created from the OBJECTS menu and 
the NEW BUTTON command. Buttons can be dif- 
ferent sizes or fully transparent. A transparent but- 
ton, overlaying any word, phrase, graphic, or 
graphic part, becomes a very powerful hypermedia 
function. Unfortunately, buttons come only in the 
traditional rectangular shape familiar in most 
Macintosh graphic applications although they are 
fully adjustable in size and dimension. The scripts 
associated with the buttons are activated by the 
mouse click operations of mouseUp (releasing the 
mouse button) or mouseDown (clicking the mouse 
button down). MouseUp is the most widely used. 



Template Directions 
A hypermedia document template is now ready 
to be built following these directions. 

Create the Cards 

1 . Open HyperCard. 

2. Go to FILE menu and select NEW STACK; 
name it; unselect the COPY CURRENT 
BACKGROUND box; select NEW. 

3. Go to EDIT menu and select BACKGROUND. 



4. Go to TOOLS menu and use these MacPaint- 
like graphic tools to create a background. Plan 
this out ahead to save time. 

5. Get the MESSAGE BAR with COMMAND-M; 
type SET USERLEVEL TO 5, (this puts you 
into scripting mode). 

6. Go to OBjECTS menu and select CARD 
INFO; make note of the card ID number. 
(This is the card identification number for 
Page 1 of the hypermedia document). Click 
OK. 

7. Go to EDIT menu and select NEW CARD. (A 
new card identical to the previous one will ap- 
pear.) 

8. Go to OBJECTS menu and select CARD IN- 
FO as before and note the card ID number. 
(This is the card identification number for 
Page 2). 

9. Repeat steps 7 and 8 until you have 10 cards. 
Be sure to note the CARD ID NUMBER each 
time you create a new card and list it some- 
where with its corresponding page number. 

Make Additional Cards to 
Simulate Graphic Windows 

Each original text page will have two graphic 
windows and two text windows. For ten pages of 
original text this means 20 additional cards will be 
created for the graphic window simulations. Be 
sure to list the CARD ID NUMBERS for the two 
new cards next to the page to which they will be 
connected. 

(e.g.. Page 1 id#2834 window 1 id#6338 

window 2 id#6573 

Page 2 id# 3730 window 1 id#7030 

window 2 id#7249 

Follow steps 7 and 8 in the instructions for 
creating cards until 20 additional cards are created 
and noted as shown above. 

Create the Fields for Text Windows 

1. Get the message bar with COMMAND-M; and 
type GO TO CARD ID (then the number for 
Page 1 from your list, e.g., GO TO CARD ID 
2834 and press return). 

2. Go to the OBJECTS menu and select NEW 
FIELD; double click on the field when it ap- 
pears on the screen; type FIELD 1 as the 
name; select SHADOW; click on FONT; 
choose font and size; then select OK. 

3. Move and resize the field on the page. 

4. Repeat Steps 1 and 2 above, but naming the 
second field FIELD 2. 
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People sometimes asked him what 
he was going to do with all his 
pennies. All he ever said was, You'll 
see." But Henry didn't really 
know yet. 

Sometimes he thought of all the candy 
he could buy with his pennies 



Card ID 
#2348 



Page Three 




Card ID 
#4590 



People sometimes asked him what 
he was going to do with all his 
pennies. All he ever said was. "You'll 
see." But Henry didn't really 
know yet. 

Sometimes he thought of all the candy 
he could buy with his pennies 




Card ID 
#2348 



Page Three 

Figure 4. A graphic window for Page Three (card ID #2348) is simulated by a 
three step process: (a) rr king a copy of Page Three on another card (card 
ID #4590), (b) pasting the jraphic desired as a window onto the copy of Page 
Three, and (c) replacing Page Three with the copy to simulate the window ap- 
pearing and vice versa to make the window disappear. 
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5. Do this for each of the 10 original text pages 
in the template. Use the instructions in Step 1 
to move from page to page. 

Create the Buttons 

1. Get the message bar with COMMAND-M; and 
type GO TO CARD ID (then the number for 
Page 1 from your list, e.g., GO TO CARD ID 
2834 and press return). 

2. Go to OBJECTS menu and select NEW BUT- 
TON; double click on the button; name the 
button GRAPHIC 1 ; choose TRANSPARENT 
and AUTO HILIGHT; then click on the 
SCRIPT box. 

3. Between the script lines ON mouseUP and 
END mouseUP type in the following script: 

GO TO CARD ID (ID # of window 1 of 
page 1) 

WAIT UNTIL THE MOUSECLICK 
GO TO CARD ID (ID # of page 1) 

Line 1 calls the graphic window page. 

Line 2 holds the page until the mouse is 

clicked again. 

Line 3 calls the original page back into view. 

4. Repeat 3teps 2 and 3 above, but naming the 
button, GRAPHIC 2, and changing the CARD 
ID NUMBER in Line 1 of the script to that of 
Window 2 of Page 1. 

5. Go to OBJECTS menu and select NEW BUT- 
TON; double click on the button; name the 
button FIELD 1; choose TRANSPARENT 
and AUTO HILIGHT; then click on the 
SCRIPT box. 

6. Between the script lines ON mouseUP and 
END mouseUP type in the following script: 

SHOW CARD FIELD 1 

WAIT UNTIL THE MOUSECLICK 

HIDE CARD FIELD 1 

Line 1 calls the text window. 

Line 2 holds the window until the mouse is 

clicked again. 

Line 3 hides the text window. 

7. Repeat Steps 2 and 3 above but naming the 
button FIELD 2, and changing the FIELD 
NUMBERS in Lines 1 and 3 of the script to 
FIELD 2. 

8. Resize and stack these buttons somewhere 
convenient on the page. 

9. Do this for each of the 10 original text pages 
in the template. Use the instructions in Step 1 
to move from page to page. 

Create Page Turning Buttons 

1. Get the message bar with COMMAND-M; and 
type GO TO CARD ID (then the number for 
Page 1 from your list, e.g., GO TO CARD !D 
2834 and press return). 



2. Go to OBJECTS menu and select NEW BUT- 
TON; double click on the button; name the 
button NEXT PAGE; choose ROUND REC- 
TANGLE and AUTO HILIGHT; then click 
on the SCRIPT box. 

3. Between the script lines ON mouseUP and 
END mouseUP type in the following script: 

GO TO CARD ID (ID # of the next page) 

4. Repeat Steps 2 and 3 above but naming the 
button PREVIOUS PAGE, and changing the 
CARD ID NUMBER in the script to that of 
the page just preceding. In the case of Page 1 
which has no preceding page, you may want 
to put the CARD ID of Page 10. This connects 
the start and the end of the document in a 
loop. 

5. Position and resize these buttons in appro- 
priate spots on the page. 

6. Do this for each of the 10 original text pages 
in the template. Use the instructions in Step 1 
to move from page to page. Buttons can be 
copied and pasted from page to page. 

The template is finished. From the Macintosh 
Finder, duplicate the template and use the new 
copy to begin constructing a hypermedia docu- 
ment. With this template and some creative ideas, 
an effective piece of instructional or informational 
software can be built. 



A Hypermedia Document 
Document building is broken down into nine 
basic steps. Each step is listed with annotations, 
suggestions, and discussion below. 

1. Enter Text of the Original Document. Hyper- 
Card has two text modes. There are the text fields 

which remain dynamic, much like text in a word 
processor document, and there is the graphic mode 
of text presentation. The original text should be 
entered on the cards in the graphic mode using 
the TOOLS menu. Care must be taken in entering 
this text as it is not an editable file, but rather a 
graphic. Enter the text in an extended typeface but 
without any boldface or italics. To choose a font 
or style, first select the text function from the 
TOOLS menu. COMMAND-T presents a selection 
window for font, size, and type style. Make the 
appropriate selections and return to fill the page 
with text. Continue page by page until the docu- 
ment has been entered. Take care not to split 
meaningful units of text or syntactic structures 
between pages. 

2. Decide Which Words Will Be Hyper-enhanced. 
Based on the intent of the hypermedia document, 
a decision must be made as to which words or 
pictures (if you decide to add pictures to the 
original pages) will have a link to a window. A 
hypermedia lesson from a content area text or 
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basal reader might use the new vocabulary words, 
important people or events, timelines, etc. These 
decisions are the basis for the instructional design 
of CAI lessons or the focus of an informational 
document. 

3. Decide the Type of Enhancements. Graphic 
windows, explanatory or clarifying text, graphic 
or text combinations, or computer generated 
speech or music are all options for enhancements. 
Text enhancements will be assigned FIELD but- 
tons, and graphic or graphic/text enhancements 
will use the GRAPHIC buttons. Speech can be 
added to either of the button types or used alone. 

4. Boldface the Words Which Will Be Buttons. 
Return to the text mode of the graphics tool. Use 
COMMAND-T to return to the font and style 
window. Choose the same font and size as before, 
but in boldface, non-extended type style. (Bold- 
face and regular spacing between letters take up 
the same space horizontally as non-boldface with 
extended spacing between letters.) Returning to 
the page of original text, the words which have 
been chosen for buttons are darkened by typing 
over them in the boldface style. This is a key for 
the reader that a window exists for that word. 

5. Position Buttons and Size Them Over the 
Words. The four buttons that were created in the 
template are stacked somewhere on each original 
text page. To relocate them over the boldface 
words, the BUTTON mode from the TOOLS menu 
first must be activated. It is the middle-top square 
next to the BROWSE (finger pointing) mode box. 
Selecting a button now causes the **marching ants'* 
to mobilize. The button can be moved by the 
CLICK AND DRAG method to the proper word 
where it can be resized by grabbing a corner and 
adjusting it. The name of the button now over- 
lays the word. Double click on the button and un- 
select SHOW NAME and click on OK. The button 
name is now invisible. Returning to BROWSE 
mode (click on the finger box under the TOOLS 
menu) makes the entire button disappear. It is now 
active and ready to work. 

6. Enter Text into Text Fields. The two FIELD 
buttons on each page are now linked to two cor- 
responding but empty text fields. To enter text 
into the fields, the FIELD mode from the TOOLS 
menu first must be activated. It is the box on the 
top-right, next to the BUTTON mode box. Now 
get the message bar (COMMAND-M), enter SHOW 
CARD FIELD 1, and press return. Card Field 1 
will now show on the screen. 

To enter text, activate the BROWSE box in the 
TOOLS menu and place the cursor into the top-left 
corner of the FIELD box. Enter your text into the 
field. The field may be re-fized by activating the 
FIELD box again and grabbing a corner of the field. 



This may be necessary to make the field size fit 
the amount of text. When finished, activate the 
BROWSE box on the TOOLS menu and type into 
the message bar HIDE CARD FiELD 1. Follow 
the same process for Card Field 2. 

7. Create Graphic Windows. There is ho graphic 
window function in HyperCard as there is for 
text. This must be simulated. First, copy the text 
portion of the original text page using the ''march- 
ing ants" tool in the TOOLS menu and the EDIT 
menu COPY command. Next, check your list for 
the CARD ID number of Window ^ 1 for this 
page. Get the message bar (COMMAND-M) and 
enter GO TO CARD ID (the number from the 
list). An identical page, though empty of text, 
appears. 

Paste the text from the original onto the new 
page with the EDIT menu PASTE command. 
Using the graphics tools create an empty snadow 
box where you want the graphic window to ap- 
pear. The upper right corner is a good spot. Copy 
the graphic you want from the SCRAPBOOK 
(clip art or your own design) and paste it into the 
empty box you just created. Return to the original 
page by entering in the message bar, GO TO CARD 
ID (the number of the original page). 

8. Putting Sounds into Hypermedia. HyoerCard 
handles playing sounds, voices, and muHC very 
well. The Macintosh SND (sound) resource can be 
activated from a HyperCard stack with the PLAY 
command followed by the SND name or number. 
ResEdit (Pope, 1986), a resource editor from 
Apple Computer, allows SND resources t:) be 
easily added or deleted from stacks. A devic^• such 
as the MacRecorder (Farallon Computing, 1987) 
creates SND resources through a microphore or a 
standard audio output device. It might be noted 
that SND resources require lots of disk space. 

A word of caution for users without hard disk 
drives. The SND resources, when read from a 3.5 
inch disk and channelled through the HyperCard 
PLAY command, can be full of distortion. This 
distortion seems to be related to the slower read 
time on the 3.5 inch medium. The distortion can 
be circumvented by adding a WAIT command di- 
rectly after the PLAY command in the script. The 
longer the sound being played, the longer the 
WAIT command should be. 

9. Final Check: Browse through the stack, 
stopping on each page and utilizing every button 
on the page. Make sure the windows are linked to 
the proper words and that transitions are smooth. . 



Conclusion 

Hypermedia appears to hold many possibilities 
for educational use, from a highly structured docu- 
ment for exploring just about any subject, to a 
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more specific, directed teaching tool such as study 
guide for a content area text or a basal reader sup- 
plement. The hypermedia format of layered text 
accessed in a non-sequential fashion by the reader, 
provides dynamic, interactive instruction very dif- 
ferent from traditional computer assisted instruc- 
tional programs. 

Although most hypermedia development is cen- 
tered around the Macintosh computer, not yet a 
common machine in the public schools, computer- 
using educators have already begun to explore the 
seemingly endless possibilities that hypermedia 
opens up. Findings from recent studies at the Uni- 
versity of Washington indicate that hypermedia 
study guides are an effective tool for high school 
remedial and learning disabled students (Higgins, 
1988; Boone and Higgins, in press). Preliminary 
findings from a related study with elementary 
school students support the use of hypermedia 
computer assisted reading material as a supple- 
ment to teacher directed instruction for low 
achieving students (Higgins and Boone, 1990). 

Whether the subject matter is from a high 
school content area text or an elementary school 
basal reader, the hypermedia format appears an 
effective instructional mode for students of vary- 
ing ages and ability levels. It is a new and exciting 
concept in the field of computer use in educa- 
tion. □ 
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The direaions for using HyperCard in this artide are based 
on the HyperCard 1.0 version and its upgrades. HyperCard 
2.0 is now available offering several improvements includ- 
ing multiple windows that are resizable, menu creation, and 
multiple text fonts and sizes within a single field. 



Advanced Technology Articles Wanted 

Articles examining aspects of advanced technolo- 
gies applicable to education and training problems 
are solicited for this magazine. If you are working 
on any le?ding-edge technology, the Editors are in- 
terested in .learing from you: (201 ) 871 -4007; Fax: 
(201 ) 871-4009. High-priority subject matter often 
appears in these pages within 60 days of receipt of 
manuscripts. All contributors receive notifications 
from the Editors within seven days. New authors 
are especially encouraged to submit their work 
(many of today's most prominent authors in the 
field published initially in the pages of this maga- 
zine). 
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